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ONE 


Are Strong National Identities 
Harmful for Peace? 


A history of conflict and distrust can inflame disputes between neighboring 
countries. Conflict between states may evoke resentment, but some regions 
have found it especially difficult to overcome painful history. In Northeast 
Asia, negative remnants of history continue to shape the current political 
fault lines (Cho and Park 2011). Historical animosity filters down into all 
aspects of relations, keeping states from agreeing to put the past in the 
past and move forward (Cha 2003). In media and government circles, this 
phenomenon—where remnants of aggression and injury serve to inhibit 
present-day cooperation—is commonly referred to as the “history prob- 
lem” (Berger 2008).' 

In numerous unresolved historical disputes between China, Japan, and 
South Korea concerning wartime atrocities, national pride has been blamed 
as a cause. In April 2005, when anti-Japanese mass movements broke out 
in more than thirty Chinese cities following then-Japanese Prime Minister 
Junichiro Koizumi’s visits to the controversial Yasukuni Shrine,’ pundits 
emphasized the elements of national pride that still plague the countries’ 
relations well into the twenty-first century (Chan and Bridges 2006). When 
Japanese and South Korean civil society clashed over a statue commemo- 
rating wartime sex slaves, or “comfort women,” commentators highlighted 
the “deep [ . . . ] national identity and pride” rooted in the issues that 
make resolution challenging (Everard 2014; Fisher 2013; Hamilton 2014; 
Kimura 2019; Kindig 2019). 


2 Pride, Not Prejudice 


Throughout the twentieth century, strong pride in and love of one’s 
nation have been noted as major contributory factors in war. From this per- 
spective, distinctive attachment and allegiance to different nations divide 
people and generate conflict between countries, prompting ego-enhancing 
social comparisons and discriminatory behavior toward other nations 
(Dunn 1999; Herrmann, Isernia, and Segatti 2009; Nussbaum et al. 1996; 
Spinner-Halev and Theiss-Morse 2003). In Asia, specialists have written 
that “the power and persistence of national identity is one of the most 
important obstacles to the forging of a productive partnership” between 
Northeast Asian states (Glosserman and Snyder 2015). 

Noting clashes of strong nationalism around the world, particularly in 
areas like Northeast Asia, numerous researchers argue that more peace- 
ful relations are likely only if countries submerge or paper over existing 
national identities by promoting universalism, through cultural conver- 
gence or the embracing of overarching commonalities such as “Asian-ness” 
(Gaertner and Dovidio 2014; Kupchan 2010). This could also be achieved 
through the formation of a tighter community like the European Union 
(Haas 1958; Rosamond 2000), emphasis on cosmopolitan humanity (Held 
2003), or through the homogenizing effects of globalization (Ohmae 
1995). According to these scholars, the persistence of individual national 
identities in each country leads to a continuation of conflict. Yet some have 
questioned whether strong national identities are always impediments to 
peace, as they have coexisted with international cooperation. How do we 
make sense of this? 

This book argues that nations can in fact build trust and reconcile 
with each other when each affirms’ its own national identity.* To “affirm” 
a national identity means to bolster a positive image of one’s country 
(Cehajié-Clancy et al. 2o11). Researchers have identified that national 
identity is an attachment to one’s country with no necessary implication 
for how one feels toward other countries (Huddy 2013; Mummendey et al. 
2001; Sniderman et al. 2004). In other words, national identity can gener- 
ate a sense of liking for conationals but does not necessarily confer a hatred 
of outsiders (Huddy and Del Ponte 2020). Therefore, national identity 
is not always manifested in prejudice toward other nations and does not 
always translate into xenophobia (Hopkins 2001). I focus on national iden- 
tity as the psychological foundation of belonging to a nation upon which 
national pride, attachment, and nationalistic attitudes form (Smith 1993; 
Tajfel 1978; Wimmer 2017). I distinguish and highlight a positive element 
of national identity from its frequently linked darker components: one that 
emphasizes attachment to one’s nation, without an attitude of arrogant 
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superiority over other nations. Affirmation is thus a seemingly counter- 
intuitive approach that stresses that through a reflection on group values, 
people actually come to act in less defensive ways toward other groups. 
This book argues that affirmation of strong national identities can have 
pacifying effects in world politics and serve as a more feasible and effective 
way to build peaceful relations. 

Sharpened national identity can have positive aggregate effects in times 
when widespread national pride is framed as inward-looking. For example, 
political, economic, or cultural pride and confidence of one’s country may 
spring from awareness of how far one’s country has come in comparison to 
its past, rather than perceived superiority over another country. Through- 
out the book I give examples of historical cases such as the Sino-Japanese 
“honeymoon” phase of the 1970s and early 1980s, which coincided with a 
period of revitalized national identity in both countries (He 2009; Sasaki 
2001). With the help of policy, media, and rhetoric in framing the height- 
ened national self-confidence toward a willingness to reach out to its 
neighbor and overcome the past, the China-Japan dyad—which has been 
portrayed as the most war-prone in the world (The Economist 2012, 2013, 
2015)—exhibited a series of reconciliatory gestures and reciprocation, cre- 
ating a period experts describe as “representing the peak of the bilateral 
relationship not just in the postwar era, but in all of history” (Reilly 2012; 
see also [jiri 1996; Soeya 1995). On the other hand, strengthening national 
identity based on xenophobia and supremacy over a coexistent other can 
invite prejudicial effects and downsides of national pride.° 

I investigate three main impediments to international reconciliation’ 
and ways to overcome them. If each national population reaffirms posi- 
tive aspects of its own distinctive identity, countries with a history of con- 
flict can move closer to overcoming distrust, reluctance to admit guilt, and 
negative perceptions of one another. My results point to the promise of 
turning a strong national identity upon itself—or, in other words, activating 
salience in the public’s positive meanings of national belonging to switch 
off rather than fuel the negative aspects of nationalism such as xenophobia 
or chauvinism. 


1.1 “Embrace Commonality, Downplay Differences” 
Numerous studies have suggested that for antagonistic groups to reconcile, 


they must promote a sense of commonality through a shared identity that 
sets aside existing subidentities and downplays differences (Allport 1954; 
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Gaertner and Dovidio 2014; Nussbaum 1994; Putnam 2007; Riek et al. 
2010), as the distinction between groups itself promotes bias (Brewer 1999; 
Jackson and Smith 1999; Simon, Kulla, and Zobel 1995; Stets and Burke 
2000; Tajfel and Turner 1979; Tajfel 1981; Turner et al. 1987). However, 
this is much easier theorized than done. 

What’s wrong with the prevailing prescription? A review of news head- 
lines from around the world suggests that the prospect of achieving rec- 
onciliation through an erosion of existing identities is doubtful. Even with 
forces of globalization, regional integration (e.g., the European Union, the 
Association of Southeast Asian Nations), and the proliferation of trans- 
national organizations, we have not seen a decline in national identities. 
Predictions of withering nationalism or an obsolete nation-state (Ohmae 
1995) have yet to be borne out, and nationalist interstate tensions loom 
ominously large in many parts of the world. Furthermore, even within 
states, conflicts based on ethnic, linguistic, or religious identities remain 
undiminished today, as witnessed in areas of intrastate uprising such as 
Iraq, China, and Russia. 

Strategies that involve a weakening of existing identities are also costly 
in terms of difficulty, time, and risk. National identities are usually deeply 
ingrained and socialized into their members’ mindsets. ‘These identities 
influence feelings, cognition, and behavior in everyday life. People do not, 
and in many cases cannot, simply abandon or switch identities associated 
with family or heritage overnight. 

Moreover, integrating countries into a larger group carries the risk of 
backfiring. Most people crave some sense of belonging (Brewer 2003). 
Since national identities are deeply ingrained in people’s minds, any seem- 
ingly forced attempt to weaken or alter these identities may be perceived 
as a threat to ontological security and thus meet fierce resistance (Mit- 
zen 2006; Steele 2008). Consequently, reconciliation may be much harder 
to achieve when the process requires doing away with identities that are 
deeply socialized into people’s minds from a very young age. For these 
reasons, attempts to achieve trust, cooperation, or reconciliation between 
countries by weakening national identities appear highly questionable. 

It seems that we have not yet found an adequate means of coexisting 
peacefully in all our global diversity. A key step may lie in challenging two 
existing notions. First, while distinctive national identities may appear to be 
the cause for international conflict, peace does not require cultural homo- 
geneity or assimilation around some united commonality—the clichéd 
“melting pot.” Instead, recognition of subgroups in their diverse authen- 
ticity, and a world where such groups can be respected by and coexist with 
their different identities, is a better and more realistic route to peace. 
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Second, strong national identities and pride can have positive effects 
for peace. This approach reflects the liberal nationalist thesis that empha- 
sizes the virtues of independent nations and nationalisms. According to 
liberal nationalists, respect for independent nations and national belonging 
secures a sense of dignity in people that provides a basis for international 
peace and cooperation (Glover 1997; Kymlicka 1998; Mazzini 2009; Miller 
1995; Tamir 1995; Taylor 1998; Walzer 2008). As will be seen, compromis- 
ing or converging existing national identities are not necessary for recon- 
ciliation between past adversaries. 


1.2 How Can National Identity Affirmation Promote 
International Reconciliation? 


Rather than try to weaken categories of identification, I suggest an alterna- 
tive approach to boosting trust, guilt recognition, and positive perception 
between countries: through strengthening of existing national identities. 
Building on psychological theories of identity affirmation, I apply them to 
the national identity level as a way to promote peace between countries. By 
reflecting on values that are important to one’s country, people of a given 
country are able to be less defensive in their dealings with another country 
(Sherman et al. 2007; Steele 1988). This tendency to be less defensive is 
consistent with the idea that clarity and security in the sense of who you 
are, or what it means to be part of a group, increases tolerance toward oth- 
ers, even a past adversary. I investigate how identity affirmation works at a 
group level, in particular with regard to national identities. 

How can affirming one’s national identity promote reconciliation? Psy- 
chologists have made an important distinction between out-group hate 
and in-group love (Brewer 1999). Attachment to a nation can be similarly 
separated into two components: an outward-looking component of chau- 
vinism (the nastier variant of nationalism), which entails comparison and 
superiority; and a purely inward-looking component, which involves affir- 
mation and reclarification of what it means to be part of a group (Spinner- 
Halev and Theiss-Morse 2003). This inward-looking component applied 
to countries denotes a reinforcement of one’s national identity, and it can 
have positive effects for public sentiment across countries. Indeed, recent 
studies find national attachment increases trust, while chauvinism has the 
opposite effect (Gustavsson and Stendahl 2020). In other words, attach- 
ment to one’s own country does not automatically mean hostility toward 
other countries (Herrmann, Isernia, and Segatti 2009). Affirmation of 
national identity does not have to involve comparison with an “other”—it 
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can promote the effect of elevating the self without necessarily putting 
down the other. In this sense, affirmation provides a route to peaceful coex- 
istence of groups and should be promoted in a way that is distinct from 
chauvinism and xenophobic self-esteem. 


1.3 Three Obstacles to Peace and Security: Distrust, Guilt 
Avoidance, and Negative Images 


In separate chapters, I empirically examine trust, guilt recognition, and 
perception in international reconciliation. I use these three variables as 
central to reconciliation for three reasons. First, relations between numer- 
ous countries have been fraught with distrust. Chronic distrust between 
people in countries with lasting memories of conflict prevents institutional 
cooperation and heightens the publics’ perception of threats to security. 
In order for states suffering from a negative past to overcome historical 
grievances, an increase in interstate trust is essential. In my study of trust, 
I focus on trust among the general public, assuming that small changes 
in the public psyche can alter overall public opinion and eventually affect 
political change between states on a larger level. As we will discover, two 
different types of trust—strategic and moralistic—are required for institu- 
tional cooperation and alleviation of security dilemmas, respectively. 

A second issue that recurs in postconflict areas and seriously impedes 
reconciliation is guilt recognition. This often becomes an important mat- 
ter for the comparatively weaker state or group of people who believe they 
were victimized in a conflict. To them, acknowledgment of guilt by the more 
dominant power becomes an issue of achieving justice and restoration. 

Conflict resolution specialists stress that denials of past aggression or 
atrocities elevate fear and tension between past adversaries, but this is not 
always a simple matter (Berger 2003; Lebow 2004). When it comes to 
guilt for historical deeds, there is a temporal gap between today’s younger 
generation and their ancestors who were directly involved in past conflict. 
For example, among Japanese today there is a divide between those who 
argue the current Japanese government and people must admit guilt for 
the country’s past actions, and those who think it is unfair to demand repa- 
ration from a younger generation of Japanese who have no memory of war. 
Should those who personally have no responsibility for atrocities of the 
past need to pay for something they never did? To address this problem, I 
examine when people will or will not admit guilt about an in-group mem- 
ber’s behavior, even when they themselves never participated in the act. 
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Experts note numerous areas around the world where the issue of guilt 
recognition and reparation for the past are at the core of whether groups 
with a history of conflict can successfully mend relations or not. These 
cases include Israeli-Palestinian relations, Bosnian Serbs’ involvement in 
the Srebrenica genocide and other incidents against non-Serbs (Cehajié- 
Clancy et al. 2011), Canadian treatment of Aboriginal people (Gunn and 
Wilson 2011), and racial politics within the United States (Harvey and 
Oswald 2006). For decades, Chinese and South Koreans have denounced 
Japanese remembrance as unapologetic, citing statements made by Japa- 
nese leaders and omissions from Japanese history textbooks (Kim 2008; 
‘Tselichtchev 2018). In Northeast Asia, the inability of states to come to 
terms with their past has become a powerful symbol for a host of prob- 
lems that define the area’s international relations. At the time of writing, 
seventy-four years have passed since the end of World War II and Japan’s 
hold on the Korean peninsula as well as parts of China, but the countries 
have yet to come to grips with their painful history. 

Finally, besides distrust and guilt avoidance, overall negative percep- 
tions of other countries have toxic consequences for international relations 
as well. People might perceive another country as a potentially cooperative 
ally or a competitive enemy. Perceptions that this country has ill motives 
and goals that are incompatible with one’s own can threaten international 
security and even initiate war (Kray et al. 2010; Lebow 1984). When citi- 
zens base such judgments solely on what happened in the past, this can have 
particularly chilling prospects for already-strained relations in the present. 

Perceptions of other countries and their implications for interna- 
tional relations have a lot to do with the concept of images (Herrmann and 
Fischerkeller 1995). Image theory—which specifies the conditions under 
which an ally or enemy image of a country is expected to appear—will 
aid our examination of the relationship between the public’s psychology 
of perception and how it can boost positivity in images in world politics. 


1.4 Policy Implications 


This project focuses on how to shift entrenched public opinion that oth- 
erwise impedes foreign policy developments. Specifically, chronic distrust 
and negative images of other countries among the public in China, Japan, 
and South Korea often inhibit cooperative foreign policy that would be 
beneficial to those nations. In a region where nationalist sentiment is of 
great importance to the public, it is unlikely that any state leader who 
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decides to drastically shift to cooperative foreign policy with neighbor 
states by setting aside nationalism will be popular. This is especially true 
for leaders who must win elections in democracies. In Japan and South 
Korea, where leaders are selected through democratic elections, low popu- 
larity means low public support through votes. 

National identity affirmation (NIA) can help detach the public from 
historical bitterness and dominant negative images, and move toward cool- 
headed reasoning of self-interest in cooperation. Affirming national iden- 
tities could be a more viable and appealing approach for national leaders 
who wish to obtain the benefit of international cooperation with a past 
adversary but are hesitant to take actions objectionable to their own citi- 
zens. Nationalisms remain vigorous in China, Japan, and South Korea, so 
leaders must take them into account as they build new international ties. 
Consequently, when elites find economic, strategic, or geopolitical reasons 
to build new forms of cooperation among nations with histories of conflict, 
mutual affirmation of national identities offers a better route forward than 
attempting to downplay long-standing group identities. 

“Cold politics, warm economics” is a phrase that a Chinese official used 
to characterize international relations in Northeast Asia.’ China, Japan, 
and South Korea already trade heavily, and it would make a lot of sense for 
them to work more closely together because they have much to gain from 
cooperation. They are arguably three of the most economically successful 
countries of the past half-century. All three countries came out of World 
War II and/or post-World War II conflicts deeply impoverished and politi- 
cally broken, but they have since become the two largest economies (China 
and Japan) and fourth-largest economy (South Korea) in Asia. With shared 
concerns about North Korea, the countries stand to gain significantly from 
working together. However, the three countries have had very limited suc- 
cess at cooperating with one another (Reynolds and Lee 2019). 

In this sense, the workings of NIA theory can present a useful guide 
for elites and policymakers. Even when leaders perceive possible win-win 
benefits from cooperation, mutual suspicion and fear in the public may 
prevent leaders from pursuing cooperative policy and amplify the exces- 
sive tension between the countries. In cases where there is clear interest 
in cooperating but the public is openly hostile toward and thus unwilling 
to support cooperation with another nation-state, NIA can offer a way for 
these publics to dispassionately realize the benefit of cooperation. As we 
will see in chapters 7 and 8, NIA can move those who are most extremely 
opposed to a policy into a more moderate middle-zone, through a lowered 
defensiveness about their in-group. 
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1.4.1 Implications for the United States and the World 


Antipathy between these three prosperous economies has broader implica- 
tions for the world, and is especially troubling for the United States. First, 
heightened security fears between the countries threaten to embroil the 
United States and other states in their disputes. Territorial disputes over 
Diaoyu/Senkaku between China and Japan and the Takeshima/Dokdo 
islands between Japan and South Korea raise the dreaded prospect that the 
United States and Russia, among others, may face entrapment issues over 
the need to support allies should tensions escalate to militarized conflict 
(Glosserman and Snyder 2015). Regarding controversy in disputed waters 
between Japan and South Korea, Mintaro Oba, a former U.S. diplomat 
who worked on Korean Peninsula issues, remarked, “That this is the area 
where we’ve seen so much tension lately is undoubtedly very worrying to 
Washington” (Reynolds and Lee 20169). 

Second, obstacles that impede cooperation between the triangular alli- 
ance of the United States, Japan, and South Korea are a cause for concern 
(Choe and Gladstone 2018). At a time of difficult transitions and diplomacy 
on the Korean Peninsula and unease in U.S.-China relations, repeated 
antagonism between Japan and South Korea is worrisome to American 
officials (Sneider, in Choe and Gladstone 2018). Both countries are U.S. 
allies, and the unremitting quarrels between Japan and South Korea can 
impede the protection and advancement of America’s strategic and geo- 
political interests (Glosserman and Snyder 2015). For example, hostile 
relations between the states can undermine U.S. efforts to disarm North 
Korea. Tension between Japan and South Korea could negatively affect 
America’s potential collaboration with these states in the event of a North 
Korean crisis. In August 2017, a North Korean ballistic missile flew over 
northern Japan, and ‘Tokyo, already uncomfortable with South Korean 
President Moon Jae-in’s attempts at detente with North Korea, empha- 
sized a hard line on sanctions enforcement on North Korea. Reports that 
followed indicated Japan would skip joint naval exercises with the United 
States and South Korea that were planned for April 2019 (Reynolds and 
Lee 2019). 


1.5 Contributions 


Political elites and experts have yet to reach a consensus on best practices 
for existing national identities when it comes to reconciliation between 
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antagonistic countries. Theoretical predictions that globalization would 
accompany an erosion of national identities have not been confirmed (Cal- 
houn 2007; Guibernau 2001; Kaldor 2004; Kymlicka 2003). In the Euro- 
pean Union, one of the most closely integrated regional entities in the 
world, historical trends demonstrate that regional identities form along- 
side extant national identities, adding to rather than replacing them (Hoff- 
mann 1966). 

Under these conditions, this study presents possibilities for a more 
plausible approach of what to do with existing boundaries of identity. The 
findings in this study shed light on potential robustness of the mechanism 
of NIA and its connection to intergroup reconciliation.? Making a case for 
how stronger identification to subgroups can actually improve relations 
between larger groups, in a broad sense my study offers timely implica- 
tions for debates on multiculturalism, as well as interethnic and interracial 
conflict in domestic politics. If making salient existing subgroup identi- 
ties via affirmation paves ways for a more peaceful coexistence within a 
supragroup, there is reason to be hopeful that multicultural communities 
where a number of different cultures coexist while defending each of their 
cultural traditions and practices can be free of conflict. 

In the context of Northeast Asian states, affirmation effects could poten- 
tially suggest a more feasible way of overcoming historical animosity than 
its alternatives, for example China and South Korea pressuring Japan for a 
public apology. State leaders are sensitive to issues of losing or saving face 
relative to other governments and how that is displayed to their domestic 
audiences. For this reason, Japanese atonement via political pressure from 
other states rather than inward-looking NIA within the Japanese public 
is neither likely nor desirable (Lind 2008a; see also Barkan 2011; Gibney 
et al. 2008; O’Neill 1999; Torpey 2004). Unfortunately (yet also perhaps 
unsurprisingly), recurring pursuits by Chinese and South Koreans for a 
“sufficient” public apology from Japan have been unrewarding for decades. 

NIA could propose appealing policy advice for state leaders who wish 
to obtain the benefit of international cooperation with a past adversary but 
who are hesitant to do so due to public objections. With the current nation- 
alistic vigor in South Korea, China, and Japan, it is unrealistic to expect a 
rapid diminishing of nationalisms in Northeast Asia. State leaders will thus 
need to engage nationalism for public support. As previously noted, this will 
be especially important in democratic states, where leaders must appear as 
politically attractive enough to win votes into office. Thus when elites find 
economic, strategic, or geopolitical reasons to cooperate, NIA could present 
a path to pursue this while still advocating popular nationalism. 
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In sum, when leaders hope to ease relations with other states but 
encounter challenges due to pervasive enemy images in public opinion, 
NIA may help move the people toward a moderate direction. If this pro- 
cess works congruently with the proposed mechanism of NIA, it would be 
through heightened ability of the masses to process the benefits of interna- 
tional cooperation. Conversely, however, leaders may have vested interests 
in actively perpetuating distrust and hatred between countries. In these 
cases there will be limits to the affirmation effects. 


1.5.1 Broader Impacts 


The implications of what NIA can do for peaceful relations reach far 
beyond Northeast Asia. Around the world, there is no shortage of examples 
of countries whose relations with their neighbors suffer from a failure to 
reconcile. Besides Japan’s relations with its neighbors, relations between 
India and Pakistan and between Palestine and Israel vividly illustrate this 
phenomenon. In these countries the past is still very much present, as sus- 
picions about each other’s intentions and negative perceptions rooted in 
history often lead to disruptions in diplomacy. 

Chronic distrust and hostile images of each other destabilizes institutional 
cooperation and regional security. In August 2014, for example, all three 
“hot-bed” areas experienced upheavals that demonstrate the lasting effects of 
historical animosity. On August 15, 2014, a day that marked the sixty-ninth 
anniversary of Japanese defeat in World War II as well as independence of 
Manchuria and Korea from Japanese colonialist rule, Japan’s Prime Minister 
Abe Shinzo sent an offering to the controversial Yasukuni Shrine (Martin and 
Connect 2014; Varandani 2014). This move enraged both China and South 
Korea, weakening ties already strained by territorial disputes and differences 
over wartime history (Fifield 2014). Likewise, on August 18, 2014, with just 
a week remaining before foreign secretary-level talks, Indian Foreign Secre- 
tary Sujatha Singh called off planned meetings with her Pakistani counter- 
part, Aizaz Ahmad Chaudhry, expressing resentment over Pakistan’s engage- 
ment with Kashmiri separatist leaders (BBC 2014). Similarly, in the midst 
of a ceasefire between Israel and Palestine in the deadly conflict of August 
2014, opinion gaps between the two sides remained wide as Israeli and Pal- 
estinian negotiators hardened their positions in Egypt-mediated Gaza truce 
talks (Fitch, Mitnick, and Najib 2014). Just days before the expiration of the 
ceasefire, both sides staked out unyielding positions, coming no closer to a 
solution. These are all cases wherein memories of a tumultuous past disrupted 
interstate interactions and intensified geopolitical security fears. 
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Researchers note that the potential benefits of ending tensions and 
building more cooperative measures between these states could be 
immense. From the Chinese perspective for example, critics contend 
that China should increase ties with Japan and South Korea to counter 
the United States in an intensifying competition of hegemony. Even gov- 
ernment researchers in Beijing note that China has become economically 
dependent on trade relations with the United States, and that China should 
leverage relationships with Tokyo and Seoul to drive regional economic 
development instead (Lee 2019). In addition, to many observers the ten- 
sion between Japan and South Korea is especially puzzling. Both countries 
are liberal democracies and longtime U.S. allies that have extensive trad- 
ing relationships with each other. With numerous shared interests, includ- 
ing apprehension about North Korea and the growth of China’s power, 
the two countries have much to gain from closer ties. In a similar vein, 
Pakistan and India likewise have a great deal in common with each other 
politically, culturally, economically, and strategically; their economies are 
closely bound and their citizens have common social and family ties going 
back generations (Hajari 2015). And with the unprecedented death and 
injury tolls between Palestine and Israel (for example, 561 children were 
killed, 3,000 wounded, and 1,000 permanently disabled just during a fifty- 
day conflict in 2014), the benefits from peace are urgent and obvious (Pat- 
ten 2015). 

Many observers blame the history problem. The common claim is that 
unresolved historical issues stand in the way of reconciliation. Regarding 
South Korea and Japan, for example, commentary in The New York Times 
(2012) stated that “old animosities are still making it difficult for [the coun- 
tries] to establish a reliably productive relationship.” 

But sometimes a shared security threat, or the view that a country is 
an indispensable strategic partner, may prompt leaders to seek coopera- 
tion. At such times, leaders can have a difficult time convincing the public 
that a drastic change in their foreign policy from hostility to cooperation 
is beneficial, given the tendency for negative images to persevere. Lead- 
ers of past inflictor states may struggle to convey to their public that 
acknowledging past violence and showing empathy for the other coun- 
try’s suffering is an effective way of showing they are a reliable interna- 
tional partner and/or politically expedient ally. Given the political costs 
of pursuing unpopular policies, leaders typically find it easier to embrace 
popular nationalism than abandon it. For example, the General Security 
of Military Information Agreement (GSOMIA)—a military cooperation 
agreement—revealed the difficulties encountered in collaborative efforts 


Are Strong National Identities Harmful for Peace? 13 


between Japan and South Korea’s due to public reluctance, regardless of 
the eagerness initiated by leaders. 

I offer NIA as a way toward trust and reconciliation between countries 
without having to demolish national identities, which are highly salient 
and important in all of the areas mentioned in this book and their “his- 
tory problem.” NIA does not require promotion of an overarching group, 
a supranational entity like the European Union, or a common historical 
identity—though many previous accounts promote these methods as effec- 
tive tools to accomplish reconciliation. In the results of my experimental, 
survey, and case studies, I find that an opposite strategy of empowering 
national identities can have the effect of increasing trust and support for 
cooperation with past adversaries, and leading inflictors to acknowledge 
greater need to atone for their past. 


1.6 Method 


This book provides an in-depth analysis of the psychological underpin- 
nings of international reconciliation in the populace of Northeast Asia, 
using a multidisciplinary framework that combines three research meth- 
ods and five subfields popular in social science. The research methods are 
experiments, fieldwork, and large-N survey analyses; the connected fields 
are international security, social psychology, conflict resolution, behavioral 
economics, and history. Drawing from these various fields and methods, 
I illustrate how NIA can increase trust, guilt, and positive perception of 
other countries, despite the countries being burdened with traumatic 
memories of conflict. 

Original experiments and observational data support these findings. 
First, through a series of field experiments conducted in China, Japan, 
and South Korea, I provide evidence that NIA increases the level of trust 
people from these countries feel toward another country traditionally per- 
ceived as a rival or enemy. These countries were chosen as research sites 
because their relations are strongly marked by past conflict, and because 
the legacy of such conflict continues to impede and undermine present-day 
diplomacy. I examine two measures of trust: (1) strategic trust, as a crucial 
element in institutional cooperation, and (2) moralistic trust, the lack of 
which can lead to a security dilemma. ‘Trust on both measures was greater 
for individuals who had a firm sense of their national identity. 

These positive initial findings suggest that NIA could be effective in 
the real world. To investigate the matter further, this book also looks at 
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attitudinal measures on real, unresolved issues of reconciliation between 
the countries. With these measures, we can see the effect of NIA on both 
sides of past aggression—the side of past “inflictors” and of the “receivers.” 
Specifically, I study the effect of NIA on (a) South Koreans’ willingness to 
cooperate with Japan on a contested military agreement involving intelli- 
gence sharing, and (b) Japanese willingness to endorse acts of reparation to 
Chinese and South Koreans for losses during World War II. In the exami- 
nation of guilt, I analyze a sample of 1,597 Japanese to find the affirmation 
of national identity increases guilt recognition and willingness to compen- 
sate for personal and other Japanese persons’ transgressions. 

I also consider observational data on perceptions 7,200 South Koreans 
held over a period of six years regarding countries South Korea had the 
most turbulent interactions with throughout history.'° The results indicate 
that individuals with an affirmed sense of national identity held more posi- 
tive perceptions of these countries, seeing them as allies with reasonable 
intentions and as a potential partner to cooperate with. 


1.7 Plan of the Book 


This book is organized into nine chapters. Chapter 2 introduces the state 
of Northeast Asian international relations and delves deeper into the prob- 
lems of unresolved history addressed throughout the book. In particular, 
I examine the problem in regions that suffer from traumatic memories of 
history—in other words, the “history problem.” This chapter provides a 
detailed definition of the history problem and how its perpetuation limits 
reconciliation between states. Next, I explore examples of how distrust, 
negative imagery, and reluctance to admit guilt inhibit practical steps 
toward accord and heighten security-threat perceptions between states, 
using the examples of Sino-Japanese and Japanese-South Korean relations. 
Focusing on the current state of countries that suffer from a lack of trust 
and guilt recognition, as well as preponderance of negative imagery, chap- 
ter 2 is devoted to outlining the problem before proposing a solution. 
Chapter 3 provides a presentation of this book’s central theory, which 
argues that affirming national identities can increase trust, guilt recog- 
nition, and positive imagery between countries with a history problem. 
First, I examine the independent variables, or predictors, of the study— 
ways to increase trust, guilt, and positive images between states struggling 
from negative memories of history. I review numerous studies, borrow- 
ing from political science, social psychology, and literature on conflict 


Are Strong National Identities Harmful for Peace? 15 


resolution, that advocate a “commonality” of downplaying existing subi- 
dentities as a way of overcoming the past. This leads us to the theory 
of group-affirmation, from where we can focus on how NIA can pro- 
mote reconciliation between states by emphasizing national identities. 
This provides potential for a better understanding of how NIA works, by 
exploring how affirmation of one’s national identity decreases defensive- 
ness toward other countries. 

Having examined the independent variables in the first section of 
chapter 3, in the second section I present the dependent variables, or 
outcomes, of interest—trust, guilt, and images. I discuss my theory on 
the two types of aforementioned trust and argue that affirming national 
identities can help increase trust between countries with a history prob- 
lem. I then propose the theory that NIA can encourage guilt recogni- 
tion and willingness to cooperate between states with unresolved issues 
of reparation. Through reduced defensiveness, NIA can lead a coun- 
try that has historically adopted a relatively powerful position—a past 
“inflictor” position—to acknowledge guilt, while those who believe they 
were “receivers” of harm simultaneously come to objectively recognize 
the potential benefit of cooperating with the former inflictor country. 
NIA is offered as a more feasible remedy than existing prescriptions for 
increasing guilt recognition from past inflictors and willingness to coop- 
erate from past receivers. Finally, the chapter incorporates insight from 
image theory and summarizes the importance of perceptions and images 
in international relations, as well as suggestions of how NIA can increase 
positive images between countries with a turbulent past. 

Chapters 4 through 6 provide experimental, observational, and cross- 
national evidence to show how affirmation of national identity can decrease 
defensiveness and thus promote reconciliation between adversarial coun- 
tries. Chapter 4 explores the relationship between NIA and trust, which is 
first examined on the individual level by integrating techniques developed 
in social psychology and behavioral economics in novel field experiments 
in China, Japan, and South Korea. The experiment manipulates NIA and 
examines whether this makes a difference in levels of trust as reported by 
subjects. Levels of trust were measured in two ways: first, strategic trust 
was measured through a trust game that examines the number of tokens 
individuals send to an opponent whom they believe is from another coun- 
try; and second, moralistic trust was measured through survey questions 
that asked subjects how much they trusted another country. The experi- 
ments found that individuals who were affirmed of their national identity 
reported higher levels of trust across both trust measures, as compared to 
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individuals in the control condition. Other predictor variables from the 
survey represented alternative remedies proposed in the extant literature, 
such as the creation of an overarching identity, a pursuit of regional inte- 
gration with the European Union as a model, or a constructivist vision of 
common historical interpretation. These variables were not significantly 
correlated with trust. 

Chapter 5 reports results from another novel field experiment on NIA 
and guilt conducted in Japan. I examine whether NIA, by circumventing 
the defensiveness often elicited by transgressions of one’s country, frees 
people to acknowledge guilt. For Japan, the most challenging issue in deal- 
ing with its past colonies is not public opposition to cooperation but politi- 
cal and public fatigue with regard to China and South Korea’s constant 
demands for acknowledgment of past guilt. Admitting past guilt of one’s 
group can hurt its members’ self-image as a moral body that treats other 
groups fairly, so many past inflictor countries exhibit defensive reactions 
with regard to past actions. This can be through denial of violence, justi- 
fication of actions as self-defense, or even glorification of wartime history. 

Existing research shows, however, that when aggressors of history 
develop a proud and positive group identity, they have been found to 
accept more guilt and shame about their group’s past wrongdoing (Cehajié- 
Clancy et al. 2011; Gunn and Wilson 2011). Studies on dominant majority 
groups in society have also found that when secure in their group identity, 
such groups come to admit the oppression practiced and prejudice held 
against minority groups (Adams, Tormala, and O’Brien 2006). Drawing 
a connection with these studies, I analyze original data collected from a 
sample of 1,597 Japanese. Results reveal that people come to admit higher 
levels of guilt for either their own or in-group members’ actions after they 
were affirmed of their national identity. In addition, to address the policy 
challenge of the mismatch between deceased perpetrators and contempo- 
rary Japanese in reparation policy, I highlight the mechanism that connects 
NIA and guilt recognition, which is prosociality. 

Chapter 6 builds on the experiments conducted on the three countries 
for a more comprehensive examination of NIA. Data from representative 
surveys conducted on 7,200 South Korean adults from 2007 to 2012 sup- 
ports the correlation between survey responses that approximate measures 
of NIA and images of other countries. Consistent with the experimental 
findings in earlier chapters, results indicate that people who felt prouder 
of their national identities reported more positive perceptions of other 
countries as candidates for cooperation—the ally image (Herrmann and 
Fischerkeller 1995). Strikingly, this effect of NIA was consistent through- 
out the six-year duration of the data and across different age groups. 
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How would NIA influence actual policy? Chapters 7 and 8 take us a 
little deeper into actual unresolved policies surrounding countries with the 
history problem. By focusing on specific policies at hand that are inter- 
twined with diplomatic friction and security threats, I examine how NIA 
can be effective in bringing the countries closer to cooperation and rec- 
onciliation. Using my experimental data, each of these chapters focuses 
respectively on how NIA could have an effect on the past inflictors’ and 
receivers’ side of history. Starting with the receivers, chapter 7 focuses on 
the specific case of South Korean public opinion toward GSOMIA. While 
this agreement was cancelled in 2012 due to public opposition, opinion 
polls suggest that when systematically processing through the benefits of 
the treaty, most South Koreans acknowledge the necessity of it. As it turns 
out, NIA can serve to, in effect, nudge those most opposed to a policy into 
a more moderate middle-zone. 

Chapter 8 then shifts focus to Japan’s perspective. Public opinion polls 
reveal Japanese distrust in the sincerity of continued pressure for compen- 
sation from South Korea and China. Much of the Japanese public believes 
the two countries exaggerate and continue with such demands for political 
reasons, by strategically playing the history card. I find from my experi- 
ments that Japanese with a strong sense of national identity are more open 
to endorsing compensation with affected countries, due to increased trust 
of the people and governments of the countries making reparation claims. 

Finally, chapter 9 discusses historical cases that provide an examination 
of qualitative evidence of NIA as well as lessons we can take away from 
them. I provide examples where leaders applied NIA frames in speeches 
and policy to encourage the public toward international cooperation with a 
past enemy. The utility of NIA in areas beyond Asia is also discussed, citing 
examples from American foreign policy. The chapter concludes the book 
by examining the larger policy implications of this study, presenting the 
ramifications of the findings for scholars and policymakers more generally. 


TWO 


Why Can’t We Move Beyond the Past? 


Distrust, Guilt Avoidance, and Negative Images 


This chapter starts by describing the “problem” in the “history problem.” 
I provide an overview of the current state of international relations in Asia. 
In particular, I look at examples of how distrust, disagreement on the extent 
of guilt recognition necessary, and negative images resulting from turbu- 
lent history continue to haunt relations between China, Japan, and South 
Korea today. As the book focuses on NIA within public opinion, this chap- 
ter also offers a broader account of why public opinion is important in 
world politics. 

The next section describes the scope of this book, which areas in which 
the history problem stumps reconciliation. In these areas, unforgettable 
traumas breed distrust and negative perception, as well as disagreement 
over who is guilty and responsible to what extent in historical interpreta- 
tion. All of this hampers peace and cooperation. Specifically, the distrust 
and negative images that remain tangible for generations in the public 
make it difficult for elites to revise policies toward past adversaries. 


2.1 The Puzzle 


The puzzle regarding the emergence of the history problem as a promi- 
nent source of tension is that it goes against conventional wisdom across all 
prominent international relations theories. First, according to realists, on 
a systemic level China would have incentive to partner more closely with 
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Japan and South Korea to offset the impact of competition with the United 
States (Lee 2019). Academics comment that “China needs to better lever- 
age Japan, to relieve or even resolve the conflict with the U.S.” (Zhang, 
cited in Lee 2019). An alliance would be beneficial to all three states as they 
face new military and security environments in the world order. 

Even within the three countries, on a regional scale, the rise of China 
should prompt at least the two countries of Japan and South Korea to ally 
in a balancing act of power distributions. International relations scholars’ 
work examining rapprochement posits that complementary economies 
and geopolitical interests are strong facilitating conditions for rapproche- 
ment (Rock 1989). Japan and South Korea share common security con- 
cerns and wider geopolitical interests against potential threats a rapidly 
growing China imposes. This creates a significant opportunity for alliance 
in bilateral defense and technical cooperation (Yoon 2019). In addition, 
Japan and South Korea need a security partner to check and cope with 
possibilities of revisionist policies from North Korea or Russia.' However, 
even as Japanese and South Koreans become more aware of what China’s 
growing economic and political influence, hardline policy from Russia, and 
North Korean provocations mean for Japanese and South Korean security 
policies, tension between the two countries has not subsided (Glosserman 
and Snyder 2015). Unlike realist predictions, distrust and negative percep- 
tion originating from history seven decades ago outweigh the urgency of 
upcoming security threats of China, Russia, and North Korea. 

Second, areas bedeviled by the history problem challenge the liberal 
notion that increasing interaction and communication should dilute politi- 
cal grievances (He 2006). Liberals emphasize that interdependence in 
trade relations (Gartzke and Li 2003; Keohane and Nye 1977) and similar 
political systems reduce likelihood for conflict (Oneal and Russett 1999”). 
Other liberals have also stressed the importance of international exchange 
in “soft power” arenas (Nye 2004). 

However, these prospects appear to be limited in areas where the his- 
tory problem persists. In economic terms, intraregional trade and invest- 
ment are strong. China and Japan already trade heavily: China has emerged 
as Japan’s greatest trading partner and Japan as second biggest to China, 
after the United States (Simoes and Hidalgo 2011; World Bank 2017).’ 
In fact, bilateral trade volume between China and Japan increased about 
six times from 1980 to 1999, and this was certainly not a period of ami- 
able relations (MITT, Bureau of Statistics; Japan Statistical Yearbook, Trade 
Statistics of China, Japanese Ministry of Justice Annual Report of Immi- 
gration, in He 2006). In addition, Japan and South Korea are both liberal 
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democracies and each other’s third-largest trading partner, a good portion 
of the goods being cultural products (Reynolds and Lee 2019). Japanese 
and South Korean pop culture—a typically cited source of soft power—is 
avidly consumed in China (Berger 2008). But developments in the region 
have shown that trade relations or cultural exchange have not been bind- 
ing, and meaningful and trustful cooperation is still elusive. Even cultural 
products that are exchanged reflect or have been used to promote anti- 
other sentiments (Chung 2015a). 

Overall, liberal prospects of interdependence and soft power have not 
been realized in Northeast Asia (Hoffman 1966). Furthermore, when polit- 
ically sensitive issues arose, previous cooperation was put in peril, strength- 
ening the claim that such approaches are enclosed with limitations within 
regions with the history problem (Lee 2008). 

Finally, in response to the history problem, constructivists in interna- 
tional relations theory emphasize the importance of a common histori- 
cal interpretation. Oftentimes with reference to reconciliation in Rwanda, 
experts have suggested the creation of an official narrative of memory 
(Longman and Rutagengwa 2004; Rutayisire, Kabano, and Rubagiza 
2004). Especially in Northeast Asia, where history textbooks are at the 
center of controversy, attempts to construct a common historical narrative 
have been made in Northeast Asia as well (Akio 2017; Lawson and Tannaka 
2011). On several occasions since the 1990s, UNESCO initiated official 
textbook talks between Japan, South Korea, and China. However, on an 
official level dialogue failed, with these talks repeatedly breaking down and 
being suspended again. 

‘To summarize, despite many shared geopolitical and economic inter- 
ests, the three states never developed genuine strategic cooperation over 
the past decades. As a matter of fact, notwithstanding commercial ties, 
since the 2000s China and Japan have evinced a trend toward thinly veiled 
or open rivalry (He 2013). 


2.1.1 The History Problem 


Where does the history problem come from? The history problem can 
start and spread from both leaders with chauvinistic interests and the pub- 
lic, even though the threats and losses from a long-term failure to reconcile 
hurts everyone. Leaders may portray or “scapegoat” another country in 
an enemy or imperialistic image for votes or to promote national unity. 
Sometimes leaders reinforce stereotypes of another country as untrust- 
worthy and threatening in order to mobilize their public for war. Other 
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leaders emphasize their adversaries’ past violence in order to justify, deny, 
or simply forget their own (Halperin et al. 2010). In such ways, political 
authorities seek to create official historical narratives that give themselves 
legitimacy and the power to serve their own interests (Berger 2008). Not- 
ing the examples of the failure of Palestinian-Israeli negotiations in 2000- 
2001 and the ongoing outbreak of the Palestinian-Israeli wars, Kaufman 
(2009) contends that political elites construct competing narratives of 
group identity that reinforce stereotypes of the other. This creates group 
fears that would justify hostility, thereby making peace between groups 
harder to reach.* These narratives enable hardline leaders on both sides 
to block compromise and escalate conflict. Governing elites use their con- 
trol to shape historical “myths” (He 2006) about historical reality in terms 
of their interests (Kim and Schwartz 2010). For example, Wirth (2009), 
Peattie (2007), and Pilling (2009) note that since the 1980s, Chinese lead- 
ers have strategically used the “history card” against Japan, exploiting its 
“victim status” in order to advance their own interests and divert public 
attention away from internal disunity. 

However, when negative history continues to bring about distrust and 
negative images in people’s minds, leaders suffer as much as they bene- 
fit from the history problem. These same leaders fall prey to those very 
images (Herrmann and Fischerkeller 1995), as leaders themselves suffer 
from setbacks due to the way in which history is solidified in the public’s 
minds. When leaders are socialized into a “sticky” image, one that breeds 
certainty that the other country is up to no good, the image will heighten 
the elites’ threat perception, concern for their own gain, and willingness to 
risk conflict. In sum, the losses, harm, and risk caused by the history prob- 
lem are too excessive compared to any short-term self-interest or support 
sought by chauvinistic leaders or entrepreneurs. 

Sometimes the history problem is perpetuated by the public, and lead- 
ers are constrained by these public expressions of outrage and injustice 
(Vogel 2003). For example, the public can prolong the history problem 
through demonstrations, petitions, and boycotts targeting another country 
for what they believe to be inappropriate historical treatment (Pei 2010). 
Against these movements, the Chinese government struggled with various 
means to stop the spread of violent, autonomous anti-Japanese mass pro- 
tests in 2005. Beijing tried to limit the activities of anti-Japanese activists 
and used more policemen to prevent and disband demonstrations. On uni- 
versity campuses, seminars were held to educate students to be practical in 
their attitudes toward Japan (Chan and Bridges 2006). However, there are 
Chinese youths and nongovernmental actors who are patriotic and hold 
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strong resentment against Japan, although they have never experienced 
war firsthand (Pei 2010). In such ways, public opinion centering on his- 
tory can constrain government policies and press leaders to choose hostile 
actions over conciliatory ones (Kelman 1997). 


2.1.2 Images Are Sticky—But Can Change 


As formidable as the perceived obstacles caused by the history problem 
might seem, it is important to remember that perceived images of coun- 
tries are never completely static (Herrmann 2013; Berger 2008). Image 
theorists predict that imagery can change dramatically and quickly, once 
a benefit from cooperating with the other is perceived. Herrmann (2013) 
notes that when groups conceive of their goal in terms of compatibility and 
interdependence, those previously dehumanized or seen as radical extrem- 
ists can become human or moderate overnight. Even very intense enemy 
images can be forgotten quickly, as seen in the American public’s views of 
Russia, Japan, or China with the 1979 U.S.-PRC Joint Communique fol- 
lowing Beijing’s willingness to cooperate with the United States. 

Readiness to cooperate causes a dramatic reversal of a country viewed 
in a colony image as well, as seen in the shift in American perceptions of 
Ethiopia and Somalia in the 1980s or the transformation of American pic- 
tures of the good Afghan mujahideen into the bad Afghan Taliban in the 
rogos. In Iraq, the Sunni resistance was initially seen as radical extremists 
tied to al-Qaeda, but in a remarkably short time was reimagined as the 
Sons of Iraq—moderate and responsible leaders of the Sunni Awakening 
(White 1991). What brought this change was willingness to cooperate with 
the occupation forces (Herrmann 2013). 

In sum, one of the main weaknesses in the existing literature on the his- 
tory problem lies in its view of historical animosity as a constant—without 
noting any conditions and contexts under which the distrust and negative 
images can be changed for the better (Cho and Park 2011). While the 
history problem may be persistent, it can be alleviated. Taking into con- 
sideration the nonstatic nature of image construction and the damaging 
features of the history problem, it is possible and indeed necessary that 
we ask in what ways we can lessen its harmful effects. Before getting into 
ways of how, the section below describes the importance of public opin- 
ion, as this book suggests identity affirmation in the public as a way toward 
this. Either an affirmed public could push an elite for rapprochement or 
elites might find NIA an attractive way to help move the public in a more 
cooperative direction. The remaining parts of the chapter introduce the 
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state of international relations in Northeast Asia, in particular why boost- 
ing trust, guilt recognition, and positive images are critical to overcoming 
negative history. 


2.2 Why Does Public Opinion Matter? 


This book focuses on identity affirmation in the public. Does public opin- 
ion matter in international politics? International relations theorists have 
various views on the role of mass publics in world politics. Although real- 
ists see citizens as primarily constrained by the international system and 
the state, they accept that the public’s actions may be reflected in national 
interest. Liberals believe mass publics matter because they help formulate 
the state’s interests. According to liberals, the public may affect interna- 
tional relations through mass actions that pressure state decision makers. 
Constructivists contend that the public can become agents of potential 
change through discourse and the formation of collective identities. In 
more recent postmodernist and feminist scholarship, the role of private 
citizens and their stories have found salience. 

Various experts have noted the importance and influence of public 
opinion on politics and foreign policy. Some emphasize the role of pub- 
lic opinion in affecting voting behavior (Aldrich, Sullivan, and Borgida 
1989), while others underscore its impact on public policy (Chanley 1999; 
Page and Shapiro 1992; Jacobs and Shapiro 2000). The public can also 
have a profound impact on international politics through collective action. 
Autonomous acts of thousands of people fleeing East Germany led to the 
construction of the Berlin Wall in 1961, while the spontaneous exodus of 
thousands of East Germans through Hungary and Austria led to the tear- 
ing down of the wall twenty-eight years later in 1989 (Major 2010). Some- 
times the public provides direct input on foreign policy decision-making. 
Citizens have voted in public referendums on issues with foreign policy 
significance such as the Maastricht ‘Treaty, EU Constitution, and Treaty 
of Lisbon in the EU. In 2016, British people voted to leave the EU, and in 
2002 Swiss people voted in a referendum to join the United Nations. 

Numerous other examples illustrate the power of the public in politics, 
especially amplified today with mass communication. In October 2000, 
aided by new technology of the time—cellular phones—Serbians were able 
to mobilize citizens from all over the country against Yugoslavian leader 
Slobodan Milosevic’s rule (Pavlovié 2016). A group of young private citi- 
zens in late 2010 organized a Facebook and YouTube campaign, calling on 
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more than 130,000 followers for the ouster of the government of President 
Hosni Mubarak of Egypt (Vargas 2012). Frequent mass movements against 
each other in China, Japan, and South Korea, added with the tech savviness 
of the countries’ citizens, have opened a vast array of opportunities for the 
publics to influence international politics. 

Evidence from the United States suggests that elites do care about the 
preferences of the public, as the popularity of presidents affects their abil- 
ity to work (Brody 1991). In other words, leaders may lose popularity if 
they pursue policy against the general mood of the masses. Given the con- 
temporary policy relevance of influencing public opinion through national 
identities, NIA can provide valuable insights for leaders who feel con- 
strained in initiating new cooperative measures with a past enemy country. 

Recently, public opinion and international relations scholars have been 
giving more attention to the significance of trust and images in the public. 
Research finds that trust the public holds of other countries influences mass 
beliefs on international relations, adding a new layer to our understand- 
ing of how citizens affect foreign policy (Brewer et al. 2004). In addition, 
recent accounts have shown that citizens base such opinions on internalized 
images of specific foreign nations (Herrmann, ‘Tetlock, and Visser 1999; 
Hurwtiz and Peffley 1987; Peffley and Hurwitz 1992; Wittkopf 1990). That 
is, citizens base their opinions about world affairs in part on the perceived 
image of how trustworthy they believe other countries to be. In demon- 
strating the role of international trust—defined as generalized beliefs about 
whether one’s country can trust another country—in shaping public opin- 
ion, scholars have found that international trust shapes whether Americans 
perceive the image of specific foreign nations as unfriendly or threatening, 
whether they endorse internationalism or isolationism, and whether they 
favor certain foreign interventions overseas (Brewer et al. 2004). 

Public opinion, sentiment, and movements among the citizenry are 
particularly important in areas where violent nationalist movements in the 
populace are rampant. Northeast Asia is an example of such an area today. 
Scholars caution that with regional-level security threats between China 
and Japan, along with systemic-level competition between the United 
State and China that could shift the international order, the feasibility of 
healthier international relations in Northeast Asia depends most on the 
development of a genuinely resilient and robust civil society (Park 2017; 
He 2013). Critics also note that although elite-level meetings between the 
states can help ease tensions, a meaningful and durable rapprochement 
remains a dim prospect in Asia until the public in each country espouses 
more positive views of each other country (Hardy-Chartrand 2014). 
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Public views influence foreign policy, international relations, and the 
prospects for future conflict in Asia (Glosserman and Snyder 2015). In 
liberal democracies like South Korea and Japan, public opinion directly 
influences the parameters of foreign policymaking by shaping or enlarging 
cooperation with countries perceived as allies. Even in China, public opin- 
ion is currently seen as playing a larger role than that in a traditional Marx- 
ist society. Recent studies demonstrate that Chinese politics increasingly 
relies on public opinion, and Chinese leaders show actual responsiveness 
to public demands (Chen, Pan, and Xu 2016; Jiang 2018; Landry, Lü, and 
Duan 2018). For example, despite the authoritarian elements of China’s 
system, officials in the Communist Party of China (especially at lower lev- 
els) are being evaluated based on performance, in attempts to boost the 
legitimacy of the party. 

However, despite its importance, systematic analysis of public opinion 
in Asia is surprisingly thin. There has been little effort to analyze North- 
east Asian public opinion in an interactive way that paints a fuller picture of 
how publics view relations with their neighbors. Many scholarly analyses 
of foreign policy in Asian countries tend to emphasize systemic and struc- 
tural factors and a model for understanding decision-making that privileges 
elites over individuals. However, it is apparent that the interaction between 
public opinion and political leadership increasingly influences national 
preferences in foreign policy and gives insight into international relations 
in Asia. This requires a deeper exploration of the root causes underlying 
changes in public opinion. 

The survey experiments in this book probe the individual-level effects 
of NIA on trust, guilt, and perception. How can we connect psychological 
findings based on the individual level to international politics? We can find 
answers in the large body of literature that exists on public opinion and 
foreign policy. Research in this tradition finds that individual dispositions 
compose public opinion and ultimately impact policy (Page and Bouton 
2008). Previous findings identify individual-level internationalist or iso- 
lationist tendencies as well as cooperative or militant policy preferences 
in the citizens. Kertzer (2016) studies psychological individual-level varia- 
tions in persistence and resolve regarding the use of force, to study public 
opinion toward military interventions. These studies attribute such dispo- 
sitions to ideological, partisan, and sociodemographic differences (Hur- 
witz and Peffley 1987, 1990). None of these studies, however, focuses on 
national identity and its impact on international trust and reconciliation. 

In sum, the effects of NIA proposed throughout this book can certainly 
apply to both leaders and the public. However, this book tests its theories 
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on the general public as a way to suggest how psychological change in 
public opinion may affect public sentiment, thereby nudging foreign policy 
and international relations over time. 


2.3 Trust in Asia 


Considering that leaders sometimes intentionally exacerbate negative 
memories of history (for example, to promote domestic unity through a 
common, external enemy), one might ask what the actual “problem” of 
negative memories is. Do the potential losses outweigh the political ben- 
efits of keeping the mistrust alive? This section provides examples within 
the Northeast Asian context of how the history problem has aggravated 
distrust in international relations, thereby severely undermining institu- 
tional cooperation and increasing security fears. 

For the purposes of this investigation, I define trust as the belief that 
others will cooperate when one cooperates, and distrust as the lack of this 
belief (Kydd 2007; Rathbun 2009). In Northeast Asia, historical issues have 
become powerful symbols for a host of problems that stump efforts at 
rebuilding trust. The overall consensus of the existing work on the region 
is unmistakable: the troubled past has been, and continues to be, a defining 
feature of how countries judge and interpret each other’s intentions. His- 
torical animosity drives mistrust, which in turn drives the behavior affect- 
ing these nations’ relations (Cha 2003). 

Results from a public opinion poll conducted by Genron NPO and 
China Daily in 2014 reveal that the majority of the Japanese (66.0 percent) 
and Chinese (76.1 percent) respondents reported that they view each other 
as untrustworthy. In particular, Japan’s past participation in expansionism 
and colonialism in Asia during World War II left behind a legacy of mutual 
suspicion, which foils opportunities for institutional cooperation between 
Japan and its neighbors. In his speech on the country’s Liberation Day 
in 2001, former South Korean president Kim Dae Jung exclaimed: “How 
can we make good friends with people who try to forget and ignore the 
many pains they inflicted on us? How can we deal with them in the future 
with any degree of trust?” (Kirk 2001). Figure 1 highlights the low trust 
Koreans have of their Northeast Asian members. Compared to the United 
States and European Union, South Koreans regard the Chinese—and Jap- 
anese to a larger extent—to be untrustworthy. 

Debates regarding Japan’s recent efforts to amend its constitution, which 
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Figure 1. South Koreans’ trust of other countries. July 2013 (%). 
Modified and recreated from The Asan Institute for Policy Studies. 


would allow it to have an army rather than its current self-defense forces, 
illustrate how distrust amplifies Chinese and South Koreans’ security fears 
of Japan. Japan claims these endeavors are aimed at becoming a “normal 
country”—just like any other country that can practice its “normally con- 
sidered” rights of having a national military force. This move, however, has 
greatly alarmed China and South Korea, as both feel an urgent need to 
guard against any “resurgent Japanese militarism” and thus contain Japa- 
nese power (Cha 2003). Chinese and South Koreans have even expressed 
unease over Tokyo’s dispatch of peacekeepers abroad (Lind 20092). 


2.4 Guilt: How World War II-Era Reparations Are Still Roiling Asia’ 


Chinese and Korean demands for more explicit apologies and extensive 
compensation from ‘Tokyo have not succeeded in reducing long-standing 
tensions in Northeast Asia (Harris and Harding 2018a, 2018b). In addition, 
ongoing problems such as arguments over territory, history textbooks, war 
memorials, fishing rights, and oil deposits all become intertwined with the 
issue of historical guilt. In each of these areas, Chinese and Koreans point 
to Japan’s inadequate atonement for its wartime conduct as the root cause 
(Pilling 2012). 

From the Japanese perspective however, apologies have already been 
made (New York Times 2015). The 1995 Murayama Statement, in which 
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then Japanese Prime Minister Tomiichi Murayama spoke of his “feel- 
ings of deep remorse” and his “heartfelt apology for Japan’s colonial rule 
and aggression (which) caused tremendous damage and suffering to the 
people of many countries, particularly to those of Asian nations,” is just 
one example (Ministry of Foreign Affairs of Japan 1995). In 2001, Prime 
Minister Junichiro Koizumi personally wrote a letter to surviving comfort 
women that Japan is “painfully aware of its moral responsibilities” and “as 
Prime Minister of Japan, I thus extend anew my most sincere apologies 
and remorse to all the women who underwent immeasurable and painful 
experiences and suffered incurable physical and psychological wounds as 
comfort women.” He also added, “We must not evade the weight of the 
past, nor should we evade our responsibilities for the future” (Ministry of 
Foreign Affairs of Japan 2001). 

But how likely is it that present-day Japanese will feel responsible for 
seventy-four-year-old events? There is growing concern that the younger 
generation, with no memory of war or colonization, is further against com- 
pensating for something they were never personally involved in (Yasuaki 
2002). Many Japanese express a sense of fatigue regarding the constant 
accusations from China and South Korea, especially now that most of those 
who committed wartime atrocities are deceased (Dudden 2014). Chinese 
and Koreans problematize textbooks approved for use in Japanese schools 
that seem to soften Japanese guilt in such events, but these demands from 
China and South Korea are seen as arduous by the youth of Japan, caus- 
ing a reluctance in the youth to deal with the issues at all (Evans 2015). In 
this regard, younger Japanese may feel it is unfair that they are still asked 
to pay for action their great-grandfathers committed and, as such, further 
lose interest in soothing Japan’s relations with its neighbors (Yasuaki 2002). 

On the other hand, the belief that current Japanese should admit guilt 
and pay compensation for their county’s past is very much alive in China 
and South Korea. Bitterness over Imperial Japan’s occupation of Asian 
neighbors is still robust, and from Chinese and Korean perspectives, the 
public and leaders of Japan today do not sufficiently feel the “weight of 
the past” as they should (Evans 2015). In 2018, for example, the Korean 
Supreme Court ordered Nippon Steel & Sumitomo Metal, a leading Japa- 
nese steelmaking company, to compensate Korean men forced to work as 
slave laborers during World War II (Choe and Gladstone 2015). The ruling 
stirred age-old resentments, inflaming Japan-South Korea relations once 
again, and the Japanese government was quick to criticize the decision. 
From the view of Japanese, postwar agreements such as the 1965 Treaty on 
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Basic Relations between Japan and South Korea already settled claims for 
damages caused by Imperial Japan’s colonial conquests (Kim 2019). 

However, any past Japanese attempts at penitence have been insuffi- 
cient in the Chinese and Koreans’ eyes (Choe and Gladstone 2018). Why? 
Observers note that Japanese leaders and the public tend to “eviscerate” 
past apologies, either by reversing prior admissions of the past or carefully 
choosing words that are just a little too subtle, raising doubt in the sincer- 
ity of such attempts (Evans 2015). For example, notwithstanding Japanese 
Chief Cabinet Secretary Yohei Kono’s 1993 statement that acknowledged 
the Imperial Japanese Army was involved in the establishment of comfort 
women stations (Ministry of Foreign Affairs of Japan 1993; Tatsumi 2018), 
in 2012 a conservative Japanese civil society group paid for an advertise- 
ment denying comfort women were sex slaves in a daily newspaper in New 
Jersey. The advertisement emphasizes that many of the women were not 
sex slaves but worked under a system of licensed prostitution and earned 
incomes exceeding what was paid to field officers and even generals (Evans 
2015). According to some progressive sources, the publication took place 
six months after Palisades Park in New Jersey turned down Japanese offi- 
cials’ offer of one hundred cherry blossom trees in exchange for removing 
a small plaque memorializing comfort women.° 

Some of the people behind the advertisement also referred to the 
Nanjing Massacre as the “Nanking Hoax,” denying the incident ever took 
place. The massacre is another major issue of tension regarding the histori- 
cal guilt between China and Japan. Disagreement over the scale of civilian 
killings by Japanese forces has caused heated debate between the coun- 
tries. Chinese sources contend that up to 300,000 civilians, many of them 
women and children, were sacrificed when Nanjing city was occupied by 
Imperial Japanese forces in 1937 (Evans 2015). In 2014, Chinese President 
Xi Jinping presided over China’s first state commemoration of the massa- 
cre (Evans 2015). Commentators have noted that for descendants of Asians 
who suffered in wars started by Imperial Japan, the period “was their holo- 
caust” (Choe and Gladstone 2018). 

Finally, Chinese and Koreans also take issue with the wording of apolo- 
gies issued by Japanese leaders. When Japanese Prime Minster Shinzo Abe 
expressed “deep remorse over the past war,” skeptics from China and South 
Korea argued that the word remorse does not imply apology, casting doubt 
on the sincerity of statement (Evans 2015). 

I suggest that NIA offers an easier way for Chinese, Japanese, and South 
Korean political leaders to pursue cooperative foreign policy toward each 
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other where there is perceived benefit, rather than succumbing to popu- 
lar domestic sentiment. Regarding guilt admission, ultimately China and 
South Korea will have to decide exactly which actions it will accept from 
Japan as expressions of remorse that will enable the countries to move 
their relations forward. On the other side, Japan will need the courage 
to meet those requirements sufficiently (Glosserman and Snyder 2015). I 
argue that NIA can help with both of these. If NIA enlarges the win-set 
for both sides, by boosting, even if just slightly, current Japanese willing- 
ness to admit past guilt, and by lowering Chinese and Korean thresholds of 
what will be accepted as “sufficient remorse” and increasing willingness to 
cooperate with Japan, the countries can enjoy more flexibility and leniency 
in international interaction and negotiations. 


2.5 Images in Asia 


The images between Japan and its immediate neighbors to the west are 
profoundly negative. In public opinion polls in 2013 and 2014, when asked 
about the impressions the Japanese and South Korean publics held of 
each other, the majority of both sides reported predominantly negative 
images. In both years, more than 70 percent of South Korean respondents 
stated they held unfavorable perceptions of Japanese. This image is largely 
mutual—the percentage of Japanese respondents who answered that they 
had an unfavorable image of South Koreans reached 54.4 percent in 2014 
(Genron NPO and East Asia Institute 2014). 

Meanwhile, according to a 2014 BBC World Service Poll, Japanese 
people held the most negative perception of China in the world, while 
Chinese people held the most negative perception of Japan in the world. 
Of the Japanese respondents, 73 percent negatively viewed China’s influ- 
ence, while only 3 percent expressed positive views. Unfortunately, this 
sentiment is echoed in China as well: go percent of Chinese people viewed 
Japanese influence negatively, while only 5 percent of Chinese people had 
a positive view of Japanese influence (BBC World Service Poll 2014). 

Images that people of one country hold of other countries matter in 
international conflict or cooperation for at least three reasons. First, neg- 
ative images of an adversary’s motivations have been found to stimulate 
mass public decisions for military action (Herrmann, Tetlock, and Visser 
1999). Second, when negative images persist, they can construct habitual 
behavior that repeats itself. These routines can lead to spirals of conflict 
(Jervis 1976). Third, images determine learning behavior. People draw dif- 
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ferent lessons from historical outcomes based on the images they hold of 
others (Tetlock and Lebow 2001). Failure to rethink and adjust preexisting 
beliefs to new information becomes a key reason for intelligence failures in 
international conflict (Jervis 2010). 

Present negative images as well as future images can be analyzed and 
predicted using theoretical terminology. Insights from image theory help 
to describe how the three Northeast Asian states perceive of each other.’ 
Image theorists define five types of images resulting from perceived inter- 
national relations: ally, enemy, imperialist, colony, and barbarian (Herrmann 
and Fischerkeller 1995). The theory specifies the conditions under which 
each image is expected to appear, as well as behavioral orientations in foreign 
policy we can expect from them (Alexander, Brewer, and Livingston 2005). 

During the period of war and colonization, it can be argued that China 
and Korea held an imperialist image of Japan, while Japan perceived an 
opportunity to dominate and exploit Korea and China, thus viewing the 
countries in a colony image. Recently, however, with the rapid rise in Chi- 
nese power, China can be perceived as a major upcoming threat to Japan. If 
Japan sees China as being superior in power but inferior in relative cultural 
status (due to not being a democratic state, for example) and having incom- 
patible goals with Japan, this would result in a barbarian image. 

People with positive or negative images of their neighbor states will 
have different constructions of reality, and therefore different beliefs in 
the need for certain policies. An enemy image both generates and justi- 
fies a motivation for conflict. Therefore to avoid tension in Asia, strategies 
that can alleviate such motivations are necessary. As we will see, NIA can 
increase the positivity in images between states. 


Japanese Images of China and Korea 


Considering Japanese expansion into China between 1894 and 1945 and 
the power and status differences between Japan and China during that 
period, it can be inferred that the Japanese held a colony image of China. 
Japan perceived opportunity for exploitation from the country’s relatively 
inferior power and status. Incidents such as the Sino-Japanese War, Japan’s 
colonization of Manchuria, and the Nanjing Massacre corroborate this. 
Gruenfeld et al. (2008) find that when there is a large asymmetry in power, 
the more powerful are likely to engage in objectification. Indeed, men who 
served in the Japanese military at the time have testified to being trained 
and brainwashed to perceive Chinese as “less than human” (Castano and 
Giner-Sorolla 2006). 
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Considering that China was stronger in power for many centuries, 
even up to just before the Japanese modernization, we can imagine that 
the socialization and education of Japanese people to dehumanize or infra- 
humanize the Chinese (that is, to make them appear as “lower” forms of 
humanity) could have justified an image of the country as one between 
enemy and colony. This combination of images comes with behavioral con- 
sequences of attack and exploitation (Herrmann and Fischerkeller 1995). 

For many decades before the First and Second World Wars, China 
reigned as the superpower of Northeast Asian civilization (Gernet 1996). 
However, in the late nineteenth century, both China and Korea were late in 
importing Western military technologies compared to Japan. Japan opened 
its borders to Western civilization and influence much earlier, modernizing 
quickly with the Meiji Restoration (Gordon 2003). With rapid acceptance 
of Western civilization during this time, many Japanese came to consider 
China as culturally backwards (by Western perspectives and by standards 
of industrialization). This was while China was rapidly deteriorating in rel- 
ative power as well. The idea of “escaping Asia” or Datsu-A Ron’ reflects 
this Japanese view of its neighbors. 

Datsu-A Ron is a national political theory of Japan that was organized 
and promoted by Meiji political thinker Yukichi Fukuzawa, which has been 
quoted as an example of Japanese militarism in the Meiji period (Korho- 
nen 2013). Datsu-A Ron reveals a Japanese aspiration to accommodate the 
“wind of Westernization” and “taste the fruit of civilization.” Kwok (2009) 
interprets the aims of Datsu-A Ron as the following: “to display to the 
West and Japan itself that Japan was different and better than other ‘weak 
links’ (in Fukuzawa’s and Western terms) in Asia. Then, with this aim suc- 
cessfully achieved, Japan would be able to proclaim its right to assist (enjo in 
Japanese) the vitalization of a newer and stronger Asia.” 

The goal of Datsu-A Ron is to emulate the advanced Western pow- 
ers rather than China and Korea, two countries that are described as “not 
different from the case of the righteous man living in a neighborhood of 
a town known for foolishness, lawlessness, atrocity, and heartlessness. His 
action is so rare that it is always buried under the ugliness of his neighbors’ 
activities.” Further, Datsu-A Ron emphasizes that “We do not have time 
to wait for the enlightenment of our neighbors [.. . ]. It is better for us 
to leave the ranks of Asian nations and cast our lot with civilized nations 
of the West.” This view of China and Korea reflects a colony image, one 
where the target countries are seen as culturally backwards and unenlight- 
ened. With Western imperialist powers as role model, Japan joined the 
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bandwagon of colonizing weaker states and utilizing them as a platform for 
further advancement of military might (Kwok 2009). 

Even after the popularity of Datsu-A Ron or the “escaping Asia” dis- 
course declined, a perception of Chinese cultural backwardness remained 
in Japan. Cho and Park (2011) note that even until the late 1980s, there 
existed in Japan the “ideal of reentering Asia [.. . ] [as a] cultural bridge 
between a backward, authoritarian China and the West’s human rights 
agenda.” 

Japan’s image of Korea was likely also a colony image in the past, where 
Japan perceived opportunity for exploitation from Korea’s inferior power 
and status. The late 1800s was a period when Western imperial powers 
expanded their reach into Northeast Asia. In 1875, just four years after 
the first U.S. expedition to Korea (also known as the Korean Expedition’), 
Japanese warship Un’yò landed in the vicinity of an island in Korea. The 
military clash that followed led to the signing of the Japan-Korea Treaty of 
1876, which opened the Korean Peninsula to Japanese and foreign trade. 

The colony image is both a cause and consequence of a group perceiv- 
ing the other as nonthreatening (thus low in power and status) but offering 
an opportunity to expand. If Japan viewed China and Korea in the late 
nineteenth century and earlier half of the twentieth century in this image, 
it would create or justify a motivation to exploit or dominate these coun- 
tries for self-interest. 


China’s Rise 


In the past, China may have been seen in a colony image to Japan, while 
Japan was viewed as imperialist from China’s perspective. However, with 
China’s rapid growth in power, there is a possibility the image of China 
from Japan’s perspective could shift from a colony to an enemy or barbar- 
ian image. This has grave implications for regional security. 

There are several indicators that while Japan held a colony image of 
China, China held an imperialist image of Japan. When Japan opened its 
ports to trade following pressure from the Western world," Shimazu Nar- 
iakira, who was a Japanese feudal lord (daimyo) of the Edo period, con- 
cluded that “if we take the initiative, we can dominate; if we do not, we will 
be dominated.” Witnessing this, Chinese general Hongzhang Li declared 
Japan a principal security threat (Kissinger 2011). 

More recently in the twenty-first century, however, we saw a reversal 
in overall economic power of the two states. China took Japan’s place as 
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the second-largest economy in the world in the final months of 2010 (Bar- 
boza 2010). Furthermore, China has been anxious to expand militarily and 
signal that growth to the world (Ross 2009; Suzuki 2008). According to 
image theory, with China’s massive power expansion, an enemy or barbar- 
ian image can ensue from Japan’s perspective. Chapter 3 provides more 
theoretical detail of this and then continues to propose that NIA can help 
prevent past Japanese perceptions of China in a colony image from trans- 
forming into an enemy or barbarian image and can move them into an ally 
image instead. 


Chinese and Koreans’ Images of Japan 


South Korea holds a long-standing negative image of Japan. In modern 
Asian history, particularly from the late nineteenth to early twentieth 
century and during World War II, Japan grew exponentially in military 
capabilities, winning wars against and colonizing Korea and parts of China 
(Jansen 2002). During this period when the perceived threat from Japan 
was extreme and China and Korea were relatively weaker in power, the 
psychological perception China and Korea held of Japan can be classified 
as an imperialist image. 

After the end of World War II, however, Japan’s military power was lim- 
ited by the no-war clause, or Article 9 in Japan’s peace constitution (Ienaga 
1993). Due to this restriction, the power of China and South Korea each 
rose relative to Japan. This implies a shift in how Chinese and South Kore- 
ans perceive their countries’ relative power in comparison with Japan. Spe- 
cifically, the countries’ images of Japan moved from the imperialist image 
closer to the enemy image. Images identified in image theory are ideal 
types and can be thought of as extremes on a continuum or spectrum of 
images (Herrmann and Fischerkeller 1995). The image one country’s pub- 
lic holds of another can be anywhere in between the ideal types, or it can 
be a combination of two or more images. 

In particular, the enemy image is defined as cases of conflict in which 
the adversaries are roughly comparable in power/capability and have 
somewhat comparable status, and in which leaders perceive great threat 
from the other state. Even with restrictions to expansion of Japanese mili- 
tary might written in the country’s constitution, many Chinese and South 
Koreans still perceive of Japan as having sinister intentions. Statements 
from conservative Japanese leaders, right-wing interest groups, and civil 
society that deny Japanese guilt or glorify Japan’s wartime past are fre- 
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quently taken in China and South Korea as signals that aggressive Japanese 
motives have never changed (Ye 2013). 

What are the consequences of a possible shift to an enemy image? An 
enemy image justifies a scenario of war, due to a perception of the other’s 
motivation as being unchangeably “evil and unlimited” (Herrmann and 
Fischerkeller 1996). When asked about the prospects of a full-scale mili- 
tary conflict in Northeast Asia, interdependence theorists in international 
relations would have a difficult time rationalizing the possibility of war 
between China and Japan, considering the scale of economic interdepen- 
dence between them (Keohane and Nye 1977; Copeland 1996; Oneal and 
Russet 1997). Similarly, neofunctionalists of integration theory argue that 
state cooperation in functional or economic areas will automatically acti- 
vate a “spill-over” to political cooperation (Haas 1958; Rosamond 2000). 

However, public opinion polls point to the contrary. The negative 
images in Asia threaten regional security. Results from a recent public opin- 
ion poll that may appear surprising to neofunctionalists show how Chinese 
and Japanese perceive of the future of relations between the two countries. 
About 30 percent of Japanese and more than half of Chinese respondents 
mentioned that they think there will be future military conflict with the 
other country (Genron NPO and China Daily 2014), and 80 percent of 
Japanese fear military clash around the Diaoyu/Senkaku Islands (Johnson 
2016). 


South Koreans’ Images of Surrounding Countries 


South Koreans responded in a public opinion poll (figure 2) that they feel 
more threatened by their neighbor states geographically closest to them in 
East Asia than they do by the United States. In response to two-step ques- 
tions that asked, “Do you believe that [the U.S./China/Japan] will pose a 
threat to South Korea?” and “If you agree with the above, in which cat- 
egory would these countries pose the greatest threat?,” more than 50 per- 
cent of the South Korean respondents answered that China and Japan will 
pose a threat to South Korea. Of those who reported that they perceived 
potential threats from the countries, the largest proportion of respondents 
thought that a security threat would come from Japan. This is astonishing 
considering Japan, a country without military power, was still perceived as 
such a strong security threat to South Koreans. This points to the power 
of sticky images and also the severe degree of perceived untrustworthiness 
South Koreans still hold of Japan. 
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Figure 2. South Koreans’ assessment of threats from surrounding countries and 
categories of those threats. The Asan Poll 2013. 


In addition, when asked whether South Koreans think relations between 
their country and other influential countries—the United States, China, 
and Japan—have improved or worsened, as well as whether those relations 
will improve in the future, South Korean respondents gave disproportion- 
ately negative answers about relations with Japan. These reports are illus- 
trated in figure 3. More than 80 percent of the survey participants stated 
that South Korea’s relations with Japan had worsened, and more than 60 
percent expected them to further worsen in the future. 

In sum, while South Koreans felt a considerable degree of threat from 
both China and Japan, they perceived of Japan in a far more negative light 
and held very little hope for improvement of relations in the future. Only 
about 22 percent of the respondents predicted that relations with Japan 
would improve, which is in stark contrast to the 75 percent optimistic view 
for prospects with the United States, and 66 percent hopeful for better 
relations with China. 


2.6 Conclusion 


This chapter laid out an introduction to the problem motivating this 
book’s study. As discussed, the book’s specific scope of study are areas— 
China, Japan, and South Korea—that continue to suffer from the history 
problem. We learned what the history problem is and why it is perpetuated 
in certain areas that suffer from its effects. The chapter also outlined our 
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Figure 3. Assessment and prospect of South Korea’s relationship with surrounding 
countries. The Asan Poll 2013 (%). 


region of interest, as a case wherein history continues to poison interna- 
tional relations today, and asks what can help us escape this predicament. 
I surveyed how each of the variables of distrust, guilt, and images have 
been prominent in the three Asian states’ failure to reconcile. This chapter 
focused on the unstable state of international relations today, emphasizing 
the dependent variables of the study. 

Many people celebrate the advent of an “Asian century.” However, in 
this region, promise of the future appears subject to limits imposed by the 
history problem. Paradoxically, in Northeast Asia the conventional wisdom 
on injury reparation that time can heal wounds, or at least let us forget pain, 
has not been substantiated (He 2006). The enduring historical distrust and 
negativity that dominate relations between the countries are puzzling, even 
to experts who know of their unpleasant past. In particular, with new secu- 
rity threats impending in the shifting frameworks of the world and regional 
orders today, why are the countries unable to get out of age-old perpetuat- 
ing cycles of distrust and animosity? Why do the countries, all of which 
have enjoyed extraordinary success in the postwar era, repeatedly dwell on 
distant and ugly history instead, producing self-defeating outcomes and 
abandoning opportunities for strategic cooperation (Glosserman and Sny- 
der 2015)? 

Building on the painful issues of history in Northeast Asia explained in 
this chapter, this book argues that a psychological shift that nudges pub- 
lic perception from hostility and competition to reconciliation and coop- 
eration is crucial in Asia. Especially today, at least three shifting dynamics 
unraveling in Asia make it critical for Northeast Asian states to view each 
other in an ally image, or a partner for cooperation. These are: first, North 
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Korean nuclear provocations; second, rivalry between Japan and a rapidly 
rising China that destabilizes regional security; and third, America and 
China’s hedging strategies against each other on a systemic level. At these 
complex, intricate, and delicate crossroads, distrust and negative imagery 
within publics sustains tension and bitterness between neighbors, thereby 
threatening regional security. Cooperation between countries with a dif- 
ficult history problem presents a huge challenge, but the benefits of coop- 
eration outweigh the costs of competition. 

The next chapter provides a discussion of predictor variables. We begin 
with a review of the different kinds of remedies put forward in previous 
research as ways to overcome history of conflict. In particular, numerous 
existing studies argue for “commonality” across parties, most often in the 
form of an overarching, superordinate identity that erases existing subi- 
dentities. From there we move to a remedy of national identity affirmation 
in an international context, which takes an alternative approach. NIA pro- 
vides a way of bringing states closer to reconciliation by putting existing 
national identities front and center, rather than downplaying them. 


THREE 


Theories of Identity Affirmation 


Trust, Guilt, and Images 


In this chapter I describe my theories that NIA can enhance trust, guilt 
recognition, and positive images between countries. The chapter consists 
of five main sections. Having examined the state of distrust, disagreement 
over the degree of necessary guilt recognition, and negative images in 
Asia in the previous chapter, we start by focusing on the predictors that can 
improve this unfortunate state of affairs (section 3.1). Here I provide an 
interdisciplinary review of previous research that advocates a “common- 
ness” that downplays existing subidentities as a solution, along with some 
unsuccessful historical cases of attempts at reconciliation based on Asian 
commonality. Through a discussion of these previous accounts, we will see 
why NIA is a more viable way of overcoming the past. 

This leads to an introduction of theories of identity affirmation. To 
better understand how NIA works, I describe the theory and explain the 
leap from self to group-affirmation (3.2). I then illustrate the mechanisms 
through which affirmation of one’s national identity can lead to its outcomes 
of trust, guilt recognition, and positive images vis-a-vis another country. 
We start with trust (3.3), introducing its importance in producing desir- 
able outcomes proposed by various international relations theories: 1) the 
achievement of mutual gain through institutional cooperation, and 2) alle- 
viation of the security dilemma. Two types of trust are required in each of 
these outcomes: strategic trust and moralistic trust, respectively. Regions 
that suffer from a traumatic “history problem” are deficient in these two 
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types of trust. This section ends with a diagram of my proposed theory and 
hypothesis on how to increase trust, which are tested in chapter 4. 

The fourth section moves to a discussion of guilt and includes a review 
of the existing literature on guilt in postconflict justice and reconciliation 
(3.4). One of the primary reasons state dyads with a tumultuous history find 
it difficult to get along is because of disparate views on how to deal with 
reparation and repentance. The book proposes NIA as an alternative for 
states to narrow these disagreements. Namely, through reduced motiva- 
tion to defensively protect the in-group, identity affirmation can decrease 
past inflictors’ proself attitudes and increase prosocial tendencies. This 
concern for others, in turn, increases guilt recognition for personal and in- 
group members’ deeds that harmed an out-group’s well-being. While NIA 
boosts a willingness to provide compensation on the past inflictor state’s 
side in this way, NIA can also increase the past receiver state’s willingness 
to cooperate with the past inflictor. Here I present another diagram of the 
hypothesized effects of NIA for the inflictors and receivers. The reparative 
issues introduced here are empirically analyzed using experimental data in 
chapters 5 and 8. 

The fifth section of this chapter discusses the theory behind the last of 
the three dependent variables: perception (3.5). Image theory in interna- 
tional relations describes how perception between countries form stereo- 
types that both initiate and justify particular behavior. This is the theo- 
retical background for chapter 6, which finds that South Koreans who are 
affirmed of their national identity also hold positive perceptions regarding 
other countries Korea had the most eventful and dynamic relations with 
throughout history. The chapter presents the book’s hypotheses, before 
beginning our empirical analyses in chapter 4. Historical examples are 
embedded throughout the chapter. 


3.1 Road to Reconciliation 


A lasting question in the literature as well as in policy debates on inter- 
national conflict has regarded whether countries with a history of war 
and/or colonization are able to approach cooperation and reconciliation 
without having to weaken their national identities. As noticeable from the 
many problematic situations presented in the previous chapter, national- 
ism seems to be particularly intractable in Asia. Various researchers have 
prescribed weakening national identities as a path to peace. From this per- 
spective, national identities are regarded a source of the harmful aspects 
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of nationalism. These scholars equate chauvinistic phenomena to natural 
by-products of the boundaries of belonging that divide people into dif- 
ferent categories. Since the dividing line of identity creates an “us” and 
an “other,” this generates in-group and out-group differentiation. These 
identifications are considered what we need to abandon in order to reach 
sustainable peace. 

Along these lines, much of previous research in political science and 
social psychology has proposed, as a way to peaceful relations, a promotion 
of universalism that downplays extant identities (Kinder and Kam 2009; 
Mansfield and Mutz 2009; Rousseau and Garcia-Retamero 2007; Snider- 
man, Hagendoorn, and Prior 2004). This could be based on a sense of 
“we-ness” in a common in-group (e.g., that would promote “Asian-ness”) 
(Gaertner et al. 1993; Kupchan 2010); a neofunctionalist spillover (Haas 
1958; Rosamond 2000); the homogenizing effects of globalization (Ohmae 
1995); a common interpretation of history (He 2013; Lind 2008); integra- 
tion that submerges previous group categories through individual contact 
(Allport 1954); an overarching identity founded on cosmopolitan values 
(Held 2003); strategies of assimilation (Barry 2002; Waldron 2002); or 
supranational regionalism (Neyer 2012; Schlenker 2013). 

To the contrary, others emphasize the value of strong national identi- 
ties, contending that confidence in national identification affirms a sense 
of worth and belonging, which inspires cooperative over selfish attitudes 
toward others (Ariely 2012; Collingwood, Lajevardi, and Oskooii 2018; 
Johnston et al. 2010; Nussbaum 2008; Soroka et al. 2017; Theiss-Morse 
2009). Positive effects of national identification have been identified as 
increased political and intergroup trust (Berg and Hjerm 2010; Foddy 
et al. 2009; Platow et al. 2012; Robinson 2014), interethnic cooperation 
(Charnysh, Lucas, and Singh 2015; Miguel 2004), interpartisan affinity 
(Levendusky 2018), and support for minority-favoring policies (Transue 
2007). Liberal nationalists argue that distinct nations and national identi- 
ties ensure a sense of dignity conducive to international peace and coop- 
eration (Glover 1997; Gustavsson and Miller 2019; Kymlicka 1995; Miller 
and Ali 2014; Mounk 2018; Tamir 1995; Walzer 2008). From this perspec- 
tive, an overarching identity of “we-ness” that stresses unity, commonality, 
or cultural convergence is not necessary for cooperation with others. 

I offer NIA as a way of reducing conflict and opening gateways for coop- 
eration by strengthening, not weakening, existing national identities. Salient 
national identities can enhance international reconciliation through trust, 
guilt recognition, and positive perception. While this idea may at first seem 
unlikely, it is consistent with the intuition that people who have a secure 
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and confident sense of identity are better able to deal with others in a calm, 
collected, and objective manner. 


3.1.1 Whither National Identities? Remedies of Commonness 


National identity affirmation is an easier and more realistic route to peace 
between states for three reasons. First, few of the prescriptions from previ- 
ous studies mentioned have proved to be effective in Northeast Asia. Inte- 
gration theorists claim that cooperation in technical, functional areas can 
automatically spill over into a larger, overarching peace (Haas 1958; Rosa- 
mond 2000). However, a political spillover has not happened in Asia. In 
fact, there is no guarantee that functional cooperation automatically brings 
political peace—if that were the case, East Asia, with its long-standing and 
large degree of interdependence, would have integrated into an Asian com- 
munity long ago. To the contrary, interdependence can actually lead to 
uncertainty and conflict, especially when dependent entities feel vulnerable 
due to little trust or negative perception of the other’s intentions (Waltz 
1979; Barbieri 1996, 2002). Even in Europe, where integration theory 
originated, recent studies find that EU integration has pushed citizens to 
value their national identities more than a common European identity. 
The number of people who have primarily a European identity has grown 
smaller, while more citizens identify only with their nation and look to their 
national governments to protect them (Polyakova and Fligstein 2016). 

Psychologists have argued that increased individual contact between 
members in groups that don’t get along can break down stereotypes (All- 
port 1954). In Asia, individual contact is already dense, as millions of Chi- 
nese, Japanese, and South Koreans visit each other’s countries for business 
trips, school, or tourism (Berger 2008)—yet these have not led to a dis- 
mantling of prior categorizations of identity, creation of an overarching in- 
group, or, most importantly, an improvement in perceptions of each other 
that breaks down barriers. 

The second reason has to do with the robustness of the nation. We live 
in an age of nationalisms. Even with accelerating and intensifying forces of 
globalization, closer regional integration in multinational entities like the 
EU or ASEAN, the proliferation of multinational corporations, transna- 
tional interest groups, and international organizations such as the UN, we 
have not seen a decline in the nation (Chung 2015b; Chung and Woo 2015). 
Hyperglobalists predicted from as early as the 1960s that the nation-state 
would become obsolete, but the validity of this claim is doubtful (Ohmae 
1995). Ironically, nationalisms are strongest in East Asia, which is also one 
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of the most globalized areas of the world (Chung 20152). Therefore the 
idea of diminishing nation identities as a starting point for international 
peace is questionable. 

Third, people want some sense of belonging (Brewer 2003). Because 
of this, integrating into a larger group while removing existing identi- 
ties is costly in terms of time and feasibility—and it could backfire. 
National identities are often deeply ingrained and socialized. People do 
not simply join or abandon group identities when the identities have 
some association with culture, heritage, or common bloodline. Even 
within states, identification on the lines of ethnic, linguistic, or religious 
differences remain undiminished today, as witnessed in areas such as 
Iraq, China, and Russia. Any attempt at integration that feels forced, 
unnatural, or at a faster pace than people are ready for can create back- 
lash, triggering a threat to ontological security (Mitzen 2006; ; Steele 
2008). Therefore it is unlikely that a process that requires doing away 
with national identities can lead to positive outcomes of cooperation or 
integration with another country. 

For these reasons, national identities are usually sticky and difficult to 
alter. There have been rare exceptions where a rapid change of national 
identities was witnessed. These, however, were in unusual circumstances 
where large structural transformations or external shocks in the preexist- 
ing social system occurred. For example, Reséndez (2005) explains how 
the unique combination of the Mexican-American War, various national 
projects in North America, and the “crucible of anticolonial movements, 
civil wars, intertribal alliances, utopian schemes, and harebrained land 
ventures” generated a period of exceptionally fluid identities in Texas and 
New Mexico. According to Reséndez (2005), these major transformations 
led Spanish-speaking frontier inhabitants, nomadic and sedentary Native 
American communities, and Anglo Americans to adopt new national or 
ethnic identification as Mexican, American, or Texan. While it is possible 
for national identities to change, they are most likely to do so in the con- 
text of major changes in social structure and state forms (Todd, Bottos, and 
Rougier 2013). 

Large structural transformations are uncommon, however, and gener- 
ally changes in national identity take a long time. For example, Barucco 
(2007) selects a period as long as the past century and a half to describe 
evolving patterns of Indian national identity. Bechhofer and McCrone 
(2009) describe national identities as something to which “we belong 
whether we like it or not, and most of us like [. . . ]. Hardly any of us ques- 
tion it.” 
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3.1.2 Unsuccessful Attempts at Asian Commonality 


There have been unsuccessful historical cases in Northeast Asia where pro- 
motion of commonality was attempted. In each of these, when political 
clashes arose, people were quick to prioritize nationalistic ideas, and efforts 
to bring the countries together under some umbrella of commonality 
proved unrealistic. First, in the early 2000s, witnessing the heyday of inte- 
gration in Europe in the rggos, elites raised the possibility of discussions 
for regional integration in a supranational entity like the EU—in other 
words, a “Northeast Asian Community” (Bowles 2002; Chopparapu 2005; 
Hund 2003; Jones and Plummer 2004; Ravenhill 2001; Soesastro 2006; 
Yahuda 2006). Scholars argued that the potentially achievable benefits 
from this new community would widely range from security and economic 
gains to larger influence on an international level (Corning 2011; Dent and 
Huang 2002; Harvie, Kimura, and Lee 2005). However, when these ideas 
met public sentiment, they quickly lost momentum. With publics that did 
not seem to like each other enough to be part of a tighter community, 
proposals of regional integration lacked palpable and practical substance 
(Yoon 2008). 

Second, congruent with ideas put forward by constructivists in inter- 
national relations scholarship, there have also been collective efforts to 
achieve a common version of historical interpretation the countries could 
agree on. Between 2006 and 2009 the governments of China and Japan 
sponsored a Joint History Research Committee for this purpose (Goh 
2011; Kitaoka 2010). However, these efforts were ultimately disrupted by 
the political sensitivity of dissemination of information between the coun- 
tries, and the final results of the joint research were not issued in full form 
due to political interference. 

Finally, countless endeavors that actualize the vision of contact the- 
orists were attempted but without success in reducing historical griev- 
ances. Japan’s Genron NPO, in partnership with China Daily, launched 
the Tokyo-Beijing Forum in 2005, providing a large annual platform for 
dialogue between politicians, business leaders, academics, and journalists. 
In 2006, members from two major universities in the two countries—the 
University of Tokyo and Peking University—gathered and voluntarily 
started a forum. Since its creation, this student association has held an 
annual exchange program of collaborative research and discussion. Fol- 
lowing the recommendation of the New Japan-China Friendship Com- 
mittee of the 21st Century, Prime Minister Abe invited approximately 
4,000 Chinese youths to Japan every year through the Japan-East Asia 
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Student and Youth Exchange Network program. Despite these efforts, 
bilateral public opinions again plunged when politics resurfaced. Repeti- 
tively, the publics’ sentiment of one another would freeze as a result of 
political squabbles, such as the deadlocks in the Senkaku/Diaoyu Islands 
in 2010 and 2012 and subsequent media coverage (Akio 2017). Historical 
evidence does not corroborate previous ideas of universalism as a remedy 
for international conflict. 


3.2 National Identity Affirmation 
3.2.1 Self-Affirmation 


Individuals strive to protect a positive image of the self. When their image 
of self-worth is threatened, people respond in ways to restore it (Sher- 
man and Cohen 2006). One way is through defensive biases that directly 
reduce the threat (Fein and Spencer 1997; Riek, Mania, and Gaertner 
2006). Although self-integrity can be restored via this route, the rejection 
of threatening information can narrow the chances of learning. 

The theory of self-affirmation (Steele 1988) suggests that by feeling 
positive about themselves in one domain, people can replenish their self- 
worth and accept incoming information with regards to another domain 
in an objective way, even if that information was something they would 
have otherwise acted toward in defensive ways. This is possible because the 
overall perception individuals have of themselves is maintained through 
various sources of the self. For example, an individual can have a concept of 
the self that consists of being a mother, Christian, vegetarian, and a polite 
and hardworking individual, all at the same time. People strive to keep a 
global sense of self-integrity as a combination of their worthiness in all of 
these domains, rather than necessarily maximizing their self-worth in every 
single domain (Sherman and Cohen 2006). 

The multiplicity of the domains allows for flexibility in how people 
react to new information. People can respond to threats by affirming the 
self-worth using alternative resources that are unrelated to the threat at 
hand, as they realize that their self-worth does not rely on the immediate 
situation (Spencer, Fein, and Lomore 2001). 

One often-cited case of the workings of self-affirmation concerns 
smokers (Gibbons, Eggleston, and Benthin 1997). When heavy smokers 
were shown a video that explains the negative effects of smoking to health, 
the majority of the smokers rejected the video as being unscientific or 


46 Pride, Not Prejudice 


unreliable. Objective acceptance of the information would cause a threat 
to the positive self-image as a wise person who makes healthy and sensible 
decisions, thus prompting defensive responses (Nisbett and Ross 1980). 
However, when these smokers performed a simple self-affirmation task 
prior to watching the video, which normally asks people to think and write 
about an alternative source of self-worth (Crocker, Niiya, and Mischkowski 
2008), they were able to accept information in the video in an unbiased 
way. In other words, affirming an alternative value opened the door to logi- 
cal updating. 

With rising popularity of identity affirmation in psychology, the depen- 
dent variables researchers study have grown diverse as well, as they pio- 
neer different effects of affirmation. The first is trust. Affirmation has been 
found to increase trust across partisan lines in the context of negotiation 
(Cohen, Aronson, and Steele 2000). For example, affirmation cultivates 
trust across racial lines, and with lasting effects (Cohen and Garcia 2005). 
A study of seventh-grade minority students found that throughout a school 
year, self-affirmed minority students sustained a high level of trust in their 
teachers and school administrators and perceived fairness in their grades 
and treatment. By contrast, the nonaffirmed minority students typically 
displayed a decline in trust in their teachers and school administrators, 
judging their grades and treatment as less fair and more biased at the end of 
the year than they had at the beginning (Aronson, Fried, and Good 2002). 
In other words, self-affirmation made a significant difference throughout 
the year, which indicates it is not merely a priming effect. 

Studies on self-affirmation have also scrutinized its effects on the 
dominant class. Adams, Tormala, and O’Brien (2006) discover that self- 
affirmation helps majority groups in society realize the oppression practiced 
and prejudice they held against minority groups. That is, self-affirmation 
leads those “inflicting” harm on others to acknowledge guilt and shame 
for their wrongdoings. Normally the idea that one may have been unfairly 
privileged or benefited from the oppression of other groups damages the 
self-integrity of one’s egalitarianism. Building on this logic, Adams, ‘Tor- 
mala, and O’Brien (2006) found that when European Americans were 
affirmed, they perceived significantly more racism against minorities in the 
United States. Affirmed European-American participants also agreed, to a 
far greater extent than their nonaffirmed peers, that European-Americans 
in general tend to understate the impact of racism in daily life. Thus the 
otherwise threatening idea that one’s group may have been inflicting harm 
on another group was more acceptable among those who were buffered 
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by self-affirmation. The “inflictors” came to acknowledge their guilt in an 
evenhanded way rather than defensively protecting their group’s image. 

Finally, research has extended to studying dependent variables with 
implications for political elites. Sivanathan et al. (2008) establish that self- 
affirmation can reduce the possibility of an irrational increase in an indi- 
vidual’s level of commitment to an idea or action. For example, political 
leaders might feel a need to continually defend a certain policy even if it is 
proving counterproductive. This kind of process leads to an extremitization 
of politics. In an international context, this could be the reason for snow- 
balling incidents of nationalism or antagonistic sentiment against another 
country. Sivanathan et al. (2008) thus conclude that self-affirmation can be 
used to de-escalate commitment in political leaders. 

‘To summarize, the theory of self-affirmation offers one way people 
respond to threats to self-worth by building on the fact that the self is com- 
posed of several domains. By restoring some self-integrity through another 
source that makes an individual feel better about her/himself, (s)he is able 
to accept incoming information in a less defensive way, even if the informa- 
tion undermines prior beliefs. 


3.2.2 Group-Affirmation 


Recent studies in psychology have found that self-affirmation on a group 
level is also possible, working through the same proposed mechanism and 
having similar effects as self-affirmation (Sherman and Kim 2005). Existing 
research finds that affirming values central to a group can reduce group- 
serving judgments, just as affirming values central to the self can reduce 
self-serving judgments (Sherman and Cohen 2006). Scholars suggest there 
is a direct link between representations of one’s self and one’s group, imply- 
ing that these are overlapping constructs (Smith and Henry 1996). People 
are therefore motivated to maintain not only their own integrity but also 
that of their group (Harvey and Oswald 2000; Cohen and Garcia 2005; 
Norton et al. 2003). 

Much research in self-affirmation effects on a group level looks at 
how affirming se/f-identities on an individual level can reduce biases and 
defensiveness that stem from group identities (Sherman and Kim 2005). 
Self-affirmed individuals are reminded of other sources that uphold self- 
worthiness other than their group membership, thereby enabling objec- 
tive judgment and releasing them from the need to make group-serving 
judgments. In this way, self-affirmation allows people to evaluate their 
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groups independently of how they evaluate themselves (Sherman and 
Cohen 2006). These studies view social identity as just another source of 
the se/f-concept. 

In contrast, I propose that affirmation of a social identity on a group 
level is possible, as there are aspects of social identity that are shared col- 
lectively by group members. Across fields, scholars have found that there 
are aspects of national identity that are commonly shared across its mem- 
bers, and common emotions felt on a group level is possible. Sociologists 
argue that national identity entails a set of common understandings and 
aspirations, sentiments and ideas, that bind the population (Smith 1993), 
allowing similarities to be assessed in a national identity on a general 
level (Hjerm 1998). Psychologists also find that a “group emotion” is real, 
as intergroup emotions are experienced by individuals when they iden- 
tify with a social group (Mackie, Devos, and Smith 2000; Smith, Seger, 
and Mackie 2007). Since individuals can feel on a group (country) level, 
affirming a group (country) collectively on a value they share and uphold 
together is also plausible. 

People could therefore restore integrity as country members by affirm- 
ing alternative values that are important to their country, preparing a buffer 
against threatening information. Doing this, people are reminded that the 
integrity and importance of their national identity do not hinge on oppo- 
sition against another country, and they can react in a more evenhanded 
manner toward other countries while retaining a sense of national attach- 
ment. Although perceived threat in group relations has been found to lead 
to prejudice, highlighting an alternative positive value of one’s group iden- 
tity can shift the focus away from perceived threat from the out-group as 
the primary motivator in dealing with them (Stephan and Stephan 2000). 

Many South Koreans dislike having closer relations with Japan, as the 
idea runs contrary to popular perception and awareness that Koreans suf- 
fered from Japan’s actions in the past, were treated unfairly without com- 
pensation, and should thus hate Japan. Therefore this feature of social 
identity involves a sense of deprivation and victimization; “hating Japan” 
functions as a uniting force. A researcher once attested that “in South 
Korea, labeling an opponent a ‘Japanese collaborator’ continues to be an 
effective way to win a political debate,” and “working toward a compromise 
[with Japan] runs the risk of denunciation for failing to uphold national 
pride” (Reynolds and Lee 2019). Consequently, trusting and/or working 
in close cooperation with Japan poses a threat to that identity domain, 
and to protect themselves many South Koreans oppose closer relations. 
Information that depicts possible benefits from closer relations are met 
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with defensive reactions that question or reject the information, leading to 
difficulty in learning from it. 

But social identity, like self-identity, has several aspects. For instance, 
while many South Koreans would agree that a sentiment against Japan 
is commonly shared in the majority of its people, the social identity of 
“being South Korean” entails many elements such as Confucian family 
values, a high enthusiasm for education, or pride in achievements of rapid 
economic and political development. People could restore integrity as a 
country member by affirming values that are important to their national 
belongingness, which could happen via policy, media, education, leaders’ 
rhetoric, or some significant national or international event that affirms 
national identity. I provide a historical case in Asia as an example, this time 
focusing on Japanese NIA in Sino-Japanese relations. 


The Sino-Japanese Honeymoon Period 


The 1970s and early 1980s are referred to as a rare “honeymoon” period in 
Sino-Japanese relations (He 2009). Analysts remark that during this time 
China and Japan were “more friends than foes” (Kraus, Radchenko, and 
Kanda 2014). This period can be seen as a case where elites used NIA as 
a strategy to garner public support for trust-building, changing the image 
of a longtime enemy toward an ally image. Public affirmation of national 
identity appeared as an effective policy-framing device. How were elites 
able to achieve the cordial atmosphere, especially in democratic states like 
Japan where leaders are sensitive to public support? 

In the shifting world order of the 1970s, with profound transforma- 
tion of U.S.-China-USSR trilateral relations leading to the détente and 
the Chinese-American Joint Communiqué, Japanese and Chinese leaders 
realized the benefits and necessity of amicable bilateral relations. Kakuei 
‘Tanaka, prime minister of Japan in 1972, pursued a policy of rapproche- 
ment with China, and in a reciprocating manner China’s Deng Xiaoping 
traveled to Japan in 1978, soon after the signing of the Treaty of Peace and 
Friendship between the two countries. In 1984, Japanese Prime Minister 
Nakasone Yasuhiro visited China for a summit with Deng—a meeting that 
many experts describe as “representing the peak of the bilateral relation- 
ship not just in the postwar era, but in all of history” (Hiri 1996; Reilly 
2012; Soeya 1995). 

The honeymoon period suggests that public support for thawing rela- 
tions between even the “world’s most nationalist” countries with the his- 
tory problem is possible (Tang and Darr 2012). While the temporal prox- 
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imity, fresh memory and wounds of wartime events would have likely posed 
even harsher public resistance compared to today, political leaders at the 
time were able to utilize NIA tactics to help convince their public. Experts 
point out that this period coincided with a period of revitalized Japanese 
national identity (Sasaki 2001). Japan was experiencing accelerated eco- 
nomic growth, which may have led to a greater national self-confidence. 
In mid-1973, Japan’s admission into the world’s “Group of Five” (later G7) 
epitomized a national identity and pride based on economic success (Lai 
2013). This identity peaked soon after, as Japan gained economic super- 
power status (McCormack 2000), and the Japanese “developmental state” 
model grew popular as a model to emulate in developing states (Hook et 
al. 2003; Vogel 1979, 1986). This confident national identity also facilitated 
the development of cultural discourses wherein Japan’s economic success 
was associated with pride in Japanese cultural uniqueness and its social 
system (Crawcour 1980). 

NIA is not the same as economic and cultural strength, however; what 
matters more is public perception. Satisfaction in one’s elevated status and 
affluent conditions encourages a mentality that can now afford to reach 
out to a previous adversary to mend relations and realize mutual benefit, 
which would have been more difficult in conditions where self-perception 
is low and mental resources for confidence are scarce. NIA makes use of 
this mentality. The basis of the newfound confidence and pride in Japanese 
national identity was inward-looking and did not entail comparison with 
or superiority over a contemporary out-group. Japanese were leaving the 
postwar shambles behind and shifting their national identity to incorporate 
new economic and political prowess. Alternative positive foundations of 
national identity were brought into light, replacing the wartime identity of 
militaristic might and hard power. The “other” to feel a sense of superiority 
over, if any, was the in-group’s own past. In such a manner, national great- 
ness was affirmed in ways free from zero-sum competition with neighbor 
states, opposite to what had been the case during wartime. Japanese elites 
used this newfound pride toward a willingness to reach out, resulting in the 
reduction of public animosity (Sasaki 2001). 

In theory, most people would expect hardline policies to easily gain 
more popularity in the public at a time of heightened national pride. How- 
ever, since the type of national identity that was emphasized and made 
salient featured inward-looking pride, the period of national greatness did 
not necessarily stir out-group hostility. Lai (2008) notes that national con- 
fidence and pride at the time “reaffirmed the essence of Japanese identity.” 
‘Thus it can be inferred that the public felt little need to act defensively 
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or use their rising strength to put adversary countries in lower positions, 
although it would have been an advantageous time to do so. Policy, media, 
education, and leaders’ rhetoric played roles in directing widespread 
national pride into positive and beneficial affirmation effects toward oth- 
ers. Japanese Prime Minister Nakasone issued a friendly statement that 
close Sino-Japanese relations were “the basis for peace in the Asian region, 
and [...] a powerful pillar for world peace,” portraying China in a clear 
ally image (Kraus, Radchenko, and Kanda 2014). As an indication of NIA’ 
effects on guilt recognition, Japanese history textbooks from the 1970s 
markedly increased coverage of the wartime suffering of Asian peoples (He 
2013). When domestic conservatives advocated stronger political and mili- 
tary roles commensurate with Japan’s economic strength, antirevisionist 
forces in the public, media, and Diet stymied such agendas (Saeki 2001). 


3.2.3 Expected Psychological Mechanism 


In this section I examine the psychological micromechanisms of how 
NIA could increase trust, guilt recognition, and positive perception in 
both the “inflictors” and “receivers” of past atrocities and colonization. 
Mainly, the defensiveness that NIA releases concerns dissatisfaction and 
rage of having been treated unequally but without proportionate com- 
pensation afterwards in the receivers, and motivation to deny past shame 
and guilt in the inflictors. 

Expanding the theory of self-affirmation from an individual to inter- 
group level opens up a subjective space of emotions between the groups. 
First, “receivers” feel victimized from being unfairly treated by the “inflic- 
tors” and not sufficiently compensated for their sufferings. This creates 
a facet of social identity reflecting a unified anti-inflictor sentiment, and 
“receivers” find it undesirable to work in close cooperation with “inflic- 
tors.” When a branch of identity is threatened, individuals feel their self- 
worth is also threatened and react in defensive ways to protect it. Affirming 
the self using an unrelated resource allows for restoration of self-worth 
beforehand so that individuals do not feel as threatened. Doing so also 
mends the sense of deprivation. Similarly, affirming values distances group 
members from the immediate need to react defensively, allowing them to 
focus on more objective considerations of working closely with the other 
group. “Receivers” are thus more content because their internal sense of 
their group worth has been replenished beforehand, and with this increased 
assurance they believe their state is resilient to any immediate threatening 
information. 
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For example, since there are other facets that make up the social iden- 
tity of “being Korean,” affirming another group value rather than anti- 
Japanism can fill in the hollow space that is the sense of deprivation. In 
this way victim-states can correct for defensiveness, as well as objectively 
accept and learn from information indicating that trust and cooperation 
are beneficial. 

NIA thus offers a way of elevating a sense of self without putting down 
the other. Those who feel they have been treated unfairly become more 
moderate in their need to express extreme forms of irrational hatred— 
including situations that harm the self, such as exaggerated feelings of the 
other as a security threat (aggravated security dilemma) or forgoing pos- 
sible benefit from cooperation (undermined gain). 

A similar mechanism goes for “inflictors” in history. On this side, 
acknowledging past actions creates moral dissonance; thus, when met with 
evidence of past deeds or when dealing with “receivers,” the “inflictors” act 
to protect their self-worth. However, when one’s feeling of group integrity 
is restored by affirmation, this “switches off’ the need for defensiveness, 
allowing inflictors to face the past in an unbiased way. 

By this mechanism, affirmation reduces reluctance to accept guilt or 
shame of the past on the inflictor’s side. This in turn lessens motivations 
to glorify or deny the past (Sullivan et al. 2012). Research has shown that 
those who have imposed harm on others in the past come to recognize it 
in a more objective manner when they are self-affirmed (Adams, Tormala, 
and O’Brien 2006). The proposed effects of affirmation for both sides are 
summarized in figure 4. 

‘To conclude, on the receiver’s side, victims find it hard to trust past 
offenders if they feel they have not yet received proportionate compensa- 
tion for past sufferings. This creates a sense of deprivation and unfairness 
of being on unequal status. Pressuring the inflictors for apology and com- 
pensation reflects the wish to correct this inequality. For the offenders, 
acknowledging some injustice by their group is difficult because it harms 
their moral well-being as a group, and they will tend to deny the past or 
exhibit group defensive behavior regarding their (or their ancestors’) past 
deeds (Gunn and Wilson 2011). 

If a sense of injury of the victim and a motivation of denial of the 
offender are the mindsets underlying enduring hostility, then we need to 
focus on what can work to resolve these feelings and motivations. I theo- 
rize that NIA can be a correction to such responses, working as a “first 
move” to gaining initial trust and positive perception. This initial step 
could de-demonize the offenders in the victims’ eyes and allow the offend- 
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Current state: 
Mutual distrust and negative perception 


: Deprived feeling of Willingness to 
Receiver post-conflict injustice o p ~ cooperate 
NIA = 
Inflictor F atigue over demands for a Willingness to 
reparation compensate and 
admit guilt 


Figure 4. The proposed effects of NIA on postconflict reconciliation. Source: Eunbin 
Chung 


ers to realize the damage of their past actions. After this first move that 
breeds positive out-group sentiment, interactions that follow would look 
more like a game that has an added social aspect to it—where both players 
make moves based on reciprocated compensation or judicious calculations 
of future gain. 


3.3 How Distrust Undermines Gain and Intensifies Security Threats 
3.3.1 Problem of Distrust 1: Undermined Mutual Gain 


Publics who suffer from the history problem are often unable to realize 
the benefit from cooperation. Painful historical memories breed subjec- 
tive enmity, which in turn causes countries to forgo opportunities that are 
objectively in their interests—or to undertake actions that are clearly self- 
detrimental (Cha 2003). This has negative consequences for regional insti- 
tution building (Cho and Park 2011). 

There is an increasing need for cooperation through institutions in 
Northeast Asia, as regional and global challenges become more significant. 
These include issues related to security, the economy, the environment, 
and other areas that states cannot manage alone (Harvie, Kimura, and Lee 
2005; Yamamoto 2008). But any type of institution-building requires some 
initial trust (Rathbun 2011), and enduring suspicion from the past has been 
a key impediment. Kim and Schwartz (2010) assert that debates over his- 
torical events in Asia complicate “every negotiation table” and continue to 
shape or provoke political crises. 

The rational gain from institutions has been widely noted across insti- 
tutionalists, ranging from reduced transaction costs, enhanced compliance 
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and transparency, and guarantee of credible promises (Koremenos, Lip- 
son, and Snidal 2001). If Northeast Asian states are able to build a level of 
trust sufficient to create and jointly operate institutions, these institutions 
could benefit member states in many ways. First, by maintaining an ongo- 
ing dialogue, states would achieve a way of conveying state intentions and 
thus increase the transparency of their activities. In this way institutions 
in Asia could enhance mutual reassurance and build confidence. Second, 
institutions would provide fundamental principles and codes of conduct 
for conducting dialogue and cooperation in the region. This is a useful step 
for effective collective action in emerging issues that require multilateral 
attention (Lee 2008). 

Yamamoto (2008) notes that Northeast Asia is the least institutionalized 
region in most topic areas. The area lacks an institutional framework for 
intergovernmental cooperation with no regional power playing a leading 
and responsible role in the cooperative process (Lee 2008). While loose 
regional economic ties in the form of intraregional trade and investment 
linkages are relatively common, these have been developed in the absence 
of a formal cooperative scheme (Nicolas 2014). Moreover, institution- 
based regional cooperation in the areas of security and the environment 
has been far less advanced. 

Given the issues Northeast Asia faces, more institutions are needed to 
solve problems and maintain stability, and demand for institutionalization 
in this region has increased tremendously (Yamamoto 2008). There have 
been new, transnational threats to security such as bird flu and other health 
epidemics, pollution and yellow sandstorms from China, international ter- 
rorism, the proliferation of weapons of mass destruction, and trafficking 
in humans and drugs, as well as problems posed by environmental deg- 
radation and disasters. Nations increasingly understand that such threats 
can no longer be tackled by any one country (Timmerman 2008). The 
Asian Financial Crisis of 1997 provided an opportunity for state leaders to 
pay considerable attention to regional cooperation from the perspective 
of “institutionalized collaboration,” not only in the economic sphere but 
also in the political and social arenas (Berger 2008). However, mistrust in 
the public arena from persisting deep-seated nationalist rivalries has been 
a principal obstacle. Fear that they may again become military rivals makes 
it difficult for these countries to talk to one another and to agree on the 
creation of binding international institutions. 

Disagreements over historical issues have frequently disrupted mutual 
gains in diplomacy (Berger 2008). Unable to trust Japan, both South Korea 
and China have continuously issued numerous criticisms of Japan’s failure 
to atone for its past. For this reason, dialogue often regresses to polem- 
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ics and resolution becomes more difficult (Cha 2003). A case in point is 
South Korea’s recall of its ambassador from Tokyo and halt to the pro- 
cess of opening South Korean markets to Japanese cultural products in 
2001, when the revisionary content of Japanese history textbooks became 
an issue.’ The government in Seoul at the time had been initially willing 
to chart a new course of diplomatic relations with Japan, holding a joint 
communiqué in 1998 to lift earlier bans on Japanese cultural products and 
to address more than forty issues ranging from security and the economy 
to the environment (Lee 2005; Rozman 2008). Due to unease in South 
Korean public opinion, however, all efforts stopped (Cho and Park 2011). 
Crises over textbooks and shrine visits have caused Japan’s neighbors to 
recall ambassadors from Tokyo and cancel summits, even when the coun- 
tries were negotiating about critical issues such as North Korea’s nuclear 
program. For every failure in diplomacy or trade negotiations, distrust in 
the populace has been raised as a main cause (Cha 2003).’ 

The history problem has had substantial impact on Japan’s efforts in 
institution building as well. Many Chinese and South Korean people are 
adamantly against the idea of Japan becoming a permanent member on 
the United Nations Security Council (Lind 2009). Kim Sam Hoon, the 
South Korean ambassador to the UN in 2005, argued that due to the dis- 
trust Japan’s neighbor states hold, Japan could not assume the role of a 
world leader (Lind 2009). In addition, when the Democratic Party of Japan 
took power in 2009, it proclaimed a grand vision to improve relations with 
China. In a world moving from U.S. unipolarity to multipolarity, in the 
words of then prime minister Yukio Hatoyama, Japan would rediscover 
Asia as its “basic sphere of being” (Pilling 2012). In three years the govern- 
ment found the vision lying in shreds, replacing its ambassadors in Beijing 
and Seoul following public outrage from territorial disputes with China 
and South Korea. 

In sum, historical animosity gives rise to an atmosphere of distrust in 
the public, and this harms the possibility of rational negotiations (Cha 
2003). As a prime example, the public in Northeast Asian states suffer from 
a lack of trust that undermines mutual gain. Historical memories lie at the 
core of these problems, casting a shadow over every interaction that dis- 
rupts the building of, and cooperation through, institutions. 


3.3.2 Problem of Distrust 2: Aggravation of the Security Dilemma 
Uncertainty in intentions adds another layer of distrust, constituting a 


security dilemma. With the animosity created by memories of the past, 
relations between states easily deteriorate. The increased suspicion raises 
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possibility for more aggressive policy and excessive hostility, which could 
lead to, in worst cases, a spiral of military competition (Jervis 1978). Had 
states been able to trust each other, they could have avoided this type of 
security dilemma, waste of energy and resources, and excessive tension. 

Increasingly today, with China rapidly growing in power, Japanese lead- 
ers displaying nationalistic attitudes, and unpredictable action from North 
Korea, distrust could light a fire on the explosive tension. The riskiest situ- 
ation could come from a security dilemma between a rising China and 
rearming Japan. Coupled with the insecurity distrust provides, this volatile 
situation could quickly lead to disaster. 

Media reports note that “a nationalistic storm is building throughout the 
region,” and “conflict [ . . . | between China and Japan now looks possible” 
(Bandow 2013). Several experts note a growing assertiveness in Chinese 
foreign policy (Swaine 2010; Twining 2012). Goldstein (2013) contends 
that the threat of Chinese military action is real. Johnston (2013) argues 
that the mainstream description of Chinese foreign policy underrates the 
degree of China’s military assertiveness, and Beijing’s active movements 
to legitimize their arguments in contentious naval areas have contributed 
to escalated tension. In the spring 2014 Global Attitudes Survey, survey 
respondents from at least twelve countries expressed concern that territo- 
rial disputes with China and China’s neighboring states could lead to a 
military conflict (Pew Research Center 2014). 

On a systematic level, with a rapidly growing China as a challenger to 
the current world order, the instability of the shifting balance of power 
could create conflict (Gilpin 1981; Organski 1958). On a regional level, 
this type of conflict could occur if Chinese vow to make a comeback from 
what they remember to be “roo years of humiliation” under imperial 
Japanese influence, or if Japan aims to deter or defeat Chinese efforts to 
gain primacy in East Asia. As expected, Japanese are especially sensitive to 
Chinese actions that suggest China may be assuming a more hegemonic 
approach to the region. 

The Global Attitudes Survey revealed that both Japan and South Korea 
are highly concerned that territorial disputes with China could lead to 
a military conflict. If mistrust fuels traditional scenarios of self-help and 
conflict (Bernstein and Munro 1998; Betts 1993; Bracken 1999; Buzan 
and Segal 1995; Friedberg 1993; Klare 1993; Roy 1994), the emboldening 
effects of Chinese economic prosperity could provoke a regional arms race 
(Cha 2003). 

On a state level, experts highlight the decline of communism as a source 
of legitimacy for the Chinese government and predict a turn to other 
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sources for domestic support—most possibly a nationalistic story (Hughes 
2013; Pei 2010). The Chinese Communist Party may seek alternative bases 
for legitimacy as it strives to maintain its one-party rule in the face of plu- 
ralist pressures (Hughes 2013). In this case, the most likely “Other” China 
nationally posits itself against in Asia will be Japan. Some go as far as to say 
“nationalism/patriotism has now virtually replaced Marxism as the official 
ideology justifying the legitimacy of the party-state system, making history 
and collective memory even more important than ever [.. . ].”? The Chi- 
nese government could mobilize anti-Japanese nationalist behavior to gen- 
erate national unity. Pilling (2009) argues that Chinese leaders have stra- 
tegically used the “history card” against Japan as an easy target to exploit, 
diverting public attention away from internal disunity. 

A public opinion poll found that about 30 percent of Japanese and more 
than half of the Chinese respondents think there will be military confron- 
tation with the other in the future. According to political scientist Etel 
Solingen (2007), Northeast Asian states have prioritized economic devel- 
opment and trade, which helped them escape an arms race. However, in the 
case that Chinese leadership turns around and takes a “statist-nationalist 
stand” (Solingen 2007)—which “feeds on nationalistic emotion against 
other states and prioritizes military buildup”—we could witness an arms 
race in an East Asian security dilemma, just as Solingen explains as the situ- 
ation in the Middle East. 

Another reason moralistic trust is urgently needed in East Asia now is 
because, as several experts argue, Japanese leaders have recently been more 
actively actualizing a desire to remilitarize (Denyer 2018; Heydarian 2018; 
Rajagopalan 2018; Rich 2017a, 2017b). Coupled with chronic distrust, 
such a move is bound to come with tension and unease. China and South 
Korea want to contain Japanese power and guard against a rearming Japan. 

In Japan early warning signals are already noticeable, as Japanese 
leaders have been taking a stronger nationalistic stance. Suzuki (20152) 
warns that Japan has been constructing a national identity with the Chi- 
nese “Other” as a focal point, depicting China as an overbearing state 
that unfairly browbeats Japan into making diplomatic concessions. Coin- 
cidentally, as the leadership in China faces a crisis of legitimacy, a simi- 
lar sense of bankruptcy of competence in the governing elites is rising in 
Japan, making it all the more tempting to turn to nationalism to compen- 
sate (Hughes 2013). In addition, frustrated with restrictions on expanding 
military might, Japan has been repositioning itself as a “normal country” 
in the world (Suzuki 2008), reflecting dissatisfaction with defense policies 
that are considered “abnormal” for their country’s size and power (Soeya, 
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Welch, and ‘Tadokoro 2011). Tokyo’s defense spending is on average only 
1 percent of Japan’s GDP, a number that has not changed since 2002 (The 
World Bank 2013). One of Prime Minister Shinzo Abe’s top policy priori- 
ties since his reelection in December 2012 has been to “reclaim Japanese 
sovereignty” by amending the current pacifist constitution, which “fails to 
provide a necessary condition for an independent nation” (Kawasaki and 
Nahory 2013). 

Such intentions seem noticeable in Japan’s actions toward territorial 
disputes. One of the most dangerous and serious situations in terms of 
militarized conflict has been its disagreement with Beijing over the five 
Diaoyu/Senkaku Islands (Branigan 2012; Hughes 2013). Competition 
over the islands has sparked naval clashes, aerial chases, activist flotillas, 
and domestic protests. Abe declared that “there is no room for diplomatic 
negotiations over [the islands],” and that the solution necessitated, “if I may 
say at the risk of being misunderstood—physical force” (Bandow 2013). The 
issue was then further politicized by Tokyo’s purchase of three of the islets 
in 2012. 

Despite Japanese claims that the country just wants to reclaim the right to 
defend itself with its military, fundamental distrust leads many Chinese and 
South Koreans to fear a rebirth of Japan’s past militarism—and to distrust it 
as a true partner (Lind 2012). The Chinese and South Korean public con- 
tinuously criticize Japanese failure to atone for its past as the main obstacle to 
reconciliation, but nationalistic forces in Japan are tired of being blamed for 
the past. They believe China and South Korea are using the “history card” to 
secure further compensation from Japan (Reilly 2011). 

Some recent prime ministers of Japan have made tributes to Yasukuni 
Shrine. Chinese and South Korean citizens have criticized this as paying 
homage to Japan’s wartime aggressions, as some of the war dead enshrined 
there include those that could be considered war criminals from Chinese 
or South Korean perspectives (Park 2013). Abe appeared at first to respect 
such political sensitivities, avoiding visits to the shrine. This provoked a 
nationalist Japanese citizen to cut off and send his pinkie finger in protest 
to Abe’s political party, the Liberal Democratic Party (Japan Times 2007). 
In addition, in the Koreatown of Shin-Okubo in Tokyo, rightist Japa- 
nese groups held anti-Korean protests against South Korean claims that 
Japan must apologize for its past (Hayashi 2013). These movements in the 
citizenry make it further difficult for state leaders to abandon nationalist 
policy. Such public sentiment has not just inflamed emotional tension but 
also worsened economic relations by drastically reducing the exchange of 
cultural goods (Torres 2013). 
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Finally, trust between Northeast Asian states is critical in addressing 
serious security flashpoints, such as the Korean Peninsula and the Taiwan 
Strait, and several territorial disputes between countries within the region 
(Gries 2005). While there has been no actual military conflict in the region 
after China and Korea gained independence (despite tensions over North 
Korea and Taiwan), beneath the surface nationalist rivalries simmer on. 


3.3.3 The Importance of Trust in International Relations Theory 


Across theoretical perspectives, social scientists have long noted the inabil- 
ity to trust others’ motives as a central cause of states’ failure to cooperate, 
as well as the tendency to resort to conflict (Copeland 2000; Jervis 1976; 
Keohane 1984; Kydd 2007; Larson 1997; Mearsheimer 1994; Waltz 1979; 
Wendt 1999). Low levels of trust add to chronic uncertainty in interna- 
tional relations, causing mainly two problems: 1) the hindrance of gain 
(Beugelsdijk, de Groot, and van Schaik 2004; Knack and Keefer 1997; 
Whiteley 2000; Zak and Knack 2001), and 2) the aggravation of security 
dilemmas (Glaser 1997; Herz 1950; Jervis 1978). 

Distrust is itself corrosive, creating attitudes and behaviors that contrib- 
ute to greater distrust (Lieberthal and Jisi 2012). States that are unable to 
overcome their mutual distrust will be locked in a security dilemma, where 
conflict can result (Kydd 2007). However, many scholars note the possibil- 
ity of changes that can have macro-level effects on international relations 
over time. According to Wendt (1999), trust is the mechanism in the redefi- 
nition of self and other from adversary to partner to friend (Rathbun 2009). 
Once trust is generated, through a transformative process of interaction, 
trust can create a reinforcing spiral of cooperation (Wendt 1999). 

One example constructivists use to epitomize how trust can over time 
create a deep change that affects the development of states is the idea of 
security communities (Alder and Barnett 1998). A security community is a 
region in which war has become unlikely or unthinkable (Deutsch 1957). 
Areas such as the European Union, as well as the American-Canadian and 
American-Mexican dyads have been noted as examples of security com- 
munities (Tusicisny 2007). The development of a widespread understand- 
ing that military means are out of the question is a high ideal of a peaceful 
world from a constructivist point of view, since actors will act in accordance 
with how they believe the world to be (Wendt 1999). I use the term secu- 
rity communities as a highly desirable outcome in international relations 
from a constructivist perspective that lies at the opposite extreme of a secu- 
rity dilemma. 


6o Pride, Not Prejudice 


Therefore, two main ways to overcome mistrust, put forward by liberal 
and constructivist theorists in international relations, are 1) institutions, 
and 2) a shared understanding that conflict is unthinkable, exemplified 
by the notion of a security community. The realization of these ideas has 
been particularly difficult in regions where negative memories of the past 
persist, as a certain level of trust is necessary to construct an institution 
or security community in the first place. Once institutions and security 
communities come to exist, each of them can have a mutually constitutive 
relationship with trust, and through repeated confidence-building interac- 
tion, even more trust could be generated. 

Neoliberal institutionalists would hope that institutionalized coopera- 
tion can create mutually beneficial relationships through ties of trust that 
mute historical enmities (Cha 2003). In areas where the nightmares of 
the past persist, however, inability to trust each other limits the creation 
of institutions to begin with. Former Japanese Prime Minister Koizumi’s 
2001 visit to Yasukuni brought a halt in high-level meetings between Japan 
and China for as long as five years (Berger 2003). In these areas the idea 
of institutionalists draws a vicious cycle, where the prescription is to create 
institutions to overcome mistrust but mistrust becomes a hurdle to build- 
ing and running institutions. 

Rathbun (2011) maintains that trust does not follow the creation and 
operation of institutions but is rather a cause of these institutions. This 
argument fits areas suffering from history particularly well, as in these 
places lack of trust may prevent institutionalizing efforts that could pro- 
vide win-win benefits. Even in a few functional areas where early insti- 
tution building has been possible, political tension has repeatedly caused 
disruptions in their operation, disallowing eventual cultivation of the trust 
neoliberals expected would follow institutions. 

A security community also becomes unlikely where states constantly 
suffer from perceived untrustworthiness and are more prone to assign hos- 
tile motives to each other’s actions, which exacerbates uncertainty and fear 
in the international system. Receiver countries will tend to link current 
moves of the inflictor state to aggressive ambitions. Historical narratives 
populated in receiver states create a sense of victimization that fuels griev- 
ances and perpetuates severe distrust of the inflictor (He 2009). Mean- 
while, past inflictor states might find the receiver country’s distrust unjusti- 
fied and view its unfriendly reactions as a disguise for that country’s own 
hostile intentions. 

In sum, Asia’s history of expansionism and colonialism during World 
War II left behind a legacy of mutual suspicion that periodically roils rela- 
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tions between Japan and its neighbors. Distrust is shared in the publics and 
amplifies unnecessary tension. Japan is barely a serious security threat to 
either of its neighbors, considering that Japan does not officially have a 
national military force or incentive to militarily invade the countries any- 
time soon. Still, mistrust resulting from past experiences leads more than go 
percent of Chinese respondents in a contemporary survey to have a nega- 
tive opinion of Japan and between 40 and 60 percent of South Koreans to 
typically identify Japan as South Korea’s next security threat (Lind 2009). 
Associating Japan with militarism and colonial abuse, Chinese and South 
Koreans are constantly wary of the possibility of a militarily resurgent Japan. 


3.3.4 Strategic Trust and Moralistic Trust 


Strategic Trust 


The lack of trust in international relations causes two main problems, 
which countries with vivid memories of conflict and colonialization are 
particularly prone to: 1) the hindrance of mutual gain from cooperation 
(Keohane 1984), and 2) the aggravation of security dilemmas (Rathbun 
2007). The types of trust that are lacking in each of the two cases are related 
but different types. The kind of trust required in realizing mutual gain is 
strategic trust, while chronic suspicion that causes a constant security fear 
corresponds to a lack in moralistic trust. 

Strategic trust is a calculative belief that other actors will exhibit coop- 
erative behavior (Uslaner 2002) because they have a rational interest in 
building or maintaining a long-term, mutually beneficial relationship 
(Rathbun 2009). Keohane (1984) is referring to strategic trust when he 
notes that cooperation is based on a strategic calculation where each party 
changes his or her behavior contingent on changes in the other’s behavior, 
improving the rewards of both parties. 

Incentives for states to demonstrate trustworthy behavior in institutions, 
at large, are based on strategic trust. States engage in diplomacy because 
it provides incentives to both sides. Based on the information that actors 
will abide by a set of institutional rules because doing so is in their inter- 
est, actors trust each other to honor their commitments. As actors’ images 
(Herrmann and Fischerkeller 1995) and reputations become involved, as 
more linkages are created, and as shadows of the future are lengthened, the 
level of strategic trust further increases (Rathbun 2007). Gradually, actors’ 
interests come to encapsulate one another (Axelrod 1984; Keohane 1984; 


Oye 1985). 
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In a trust game’ or prisoners’ dilemma situation, players would mutu- 
ally benefit through cooperation but are under the risk of ending up with 
the sucker payoff (Camerer 2003). In game theoretic terms, by tracking 
backwards from the final rewards parties would gain from cooperation, 
one could infer that the other party would cooperate as well. The belief 
that the other will take those steps for self-interested gain—even if it is 
unconnected to a moral intention or goodness in the other’s character—is 
strategic trust. For example, you could strategically trust someone as reli- 
able enough to engage in business interactions with, even if you assess that 
person to be unethical in character. 

Findings in behavioral games show us that the Nash equilibrium alone 
does not explain recurrent experimental results and that psychological 
notions like trust are a necessary supplement (Camerer and Fehr 2004). 
Without trust, a mechanism of complete rationality would expect that the 
proposer in a trust game would not offer anything.’ Strategic trust, how- 
ever, would lead players to break with the trust game’s Nash equilibrium. 
The trust that the receiver in the game will reciprocate cooperation, since 
that is more beneficial for the receiver than defecting, is strategic trust, and 
with this trust proposers will come to invest in the situation. 

In iterated games, or at least when players are uncertain of how many 
rounds they will play, we may expect strategic cooperation as a more obvi- 
ous choice. However, even when there are expectations for repeated inter- 
actions or long-term exchange—thus self-interested reason for players to 
exchange tokens—profound distrust can remove the expectation for the 
other’s cooperation. This has frequently been the case in settings of insti- 
tutional cooperation in international relations. Various cases in Northeast 
Asia, including bilateral and trilateral institutional agreements between 
China, Japan, and South Korea, were proposed but had a difficult time 
becoming realized. 


Moralistic Trust 


Moralistic trust is a subjective belief of the other’s ethical character.° This 
is a “social conception of trust” in which people believe that the other will 
behave in trustworthy ways because that is her/his disposition, and not 
because of the situation (Booth and Wheeler 2007; Larson 1997; Tyler and 
Degoey 2004; Yamagishi and Yamagishi 1994). 

What lies at the core of a security dilemma is a lack of moralistic trust. 
Due to uncertainty in the moral nature of the other, actors struggle from 
a constant security fear even when it is unwarranted. Especially in interna- 
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tional relations where a tumultuous history exists, countries might readily 
assign evil intentions to another, exacerbating the security dilemma and 
heightening perceptions of threat. 

The confident attribution of benign motives to other states springs 
from moralistic trust. Moralistic trust is deeper than strategic trust in that it 
does not rely on specific reciprocity and therefore provides a more durable 
foundation for cooperation, allowing actors to draw broader conclusions 
of others without the need to collect information in every new situation 
(Rathbun 2007). 

Security communities epitomize moralistic trust. They are not inten- 
tionally formed but develop through a process of repeated interactions 
that engender social learning. Adler and Barnett (1998) define the trust 
needed here as “a social phenomenon [ . . . ] dependent on the assessment 
that another actor will behave in ways that are consistent with normative 
expectations.” In other words, the trust involved in creating a security com- 
munity is a moralistic judgment of the integrity of the other. 

While strategic and moralistic trust are different, they are not mutually 
exclusive. Strategic trust can eventually breed moralistic trust (although 
moralistic trust is not only borne through strategic trust). Strategic trust is 
based on more immediate reciprocity than moralistic trust. Yet even secu- 
rity communities begin with shallower interactions in institutions. Gov- 
ernments do not explicitly seek to create a security community but attempt 
to coordinate their relations in order to enjoy the benefits of institutions, as 
mentioned by neoliberal institutionalists (Koremenos, Lipson, and Snidal 
2001). Through time and repeated interaction in institutions, actors engage 
in a social learning process that enhances trust. This process occurs at both 
the masses and elite level (Adler and Barnett 1998). The trust eventually 
expands into a normative realm, where expectation of behavior evolves into 
“logic of appropriateness” (March and Olsen 2004), which is possible due 
to an expectation that other actors will act in certain ways because it is 
“appropriate” to do so, not out of self-interest (i.e., logic of consequences). 

Similarly, international relations scholars specializing in rapprochement 
have noted the instrumental role of “first gestures” made through insti- 
tutions that potentially have catalytic effects in the long run. Proponents 
of a reconciling strategy called Graduated and Reciprocated Initiative in 
‘Tension-Reduction (GRIT) argue that instrumental behaviors that ratio- 
nally reveal mutually benign intentions can transform dyadic relationships 
from enmity to amity through reciprocal acts of accommodation (Osgood 
1962). Starting with that grand gesture that becomes the first nudge of 
accommodation, both sides in the dyad progress through a dynamic of 
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adjusting national images until they become compatible (Boulding 1978). 
Eventually, instrumental behaviors of pursuing mutual gain through stra- 
tegic trust will lead to an adjustment of divergent geopolitical interests, 
building toward a security community based on moralistic trust. In this 
way, positive incentives can induce short-term desirable behavior and 
extend to stable long-term peace (Nincic 2011). 

I employ the concept of security communities as an example of a desir- 
able outcome in international relations, but there is a difference between 
previous observations of a security community and my proposed way of 
progressing toward one. Existing research advocates the creation of the 
security community through a common identity (Adler and Barnett 1998). 
In contrast, this book proposes that making existing identities salient can 
increase trust—both strategic and moralistic—and thus pave the way to 
reconciliation. 

Figure 5 encapsulates the overall structure of this book’s theoretical 
expectations on trust. In this study we look at the psychological micro- 
foundations that can initiate trust, which can eventually lead to desirable 
outcomes in international relations. In this sense, we are examining what 
can initiate the change in the first step of the diagram, which can eventually 
lead to the second step. 

Tests of NIAS effect on trust, the first dependent variable, are described 
in chapter 4. In the chapter, trust is measured in two ways: by direct, ver- 
bal indications of trust measured by responses to survey questions, and 
by a trust game. The former expression of trust is a measure of moralistic 
trust and the latter is a way to measure strategic trust. I hypothesize that 
individuals affirmed of their national identity report higher levels of both 
measures of trust. In contrast to the effects of NIA, I also suggest that 
emphasizing a sense of overarching commonness across Asia is not associ- 
ated with trust between Chinese, Japanese, and South Koreans. 


Hypothesis 1 = Individuals affirmed of their national identity trust 
the other country more than individuals that are not affirmed. 


3.3.5 Long-Term Effects of the Two Measures of Trust 


I hypothesize that NIA boosts two types of trust: moralistic and strategic. 
How are these related, and what does this mean for international politics in 
terms of policy implications, public opinion, and reconciliation? 
Theoretically, strategic trust could be the initial catalyst that triggers a 
string of interaction that is mutually beneficial for both parties in bilateral 
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Figure 5. The proposed effects of NIA on trust. Source: Eunbin Chung 


relations. Since strategic trust is based more on a cold calculation of self- 
interest, it could be easier to initiate than moralistic trust, which entails a 
normative appraisal of the character of the other. Once a certain level of 
strategic trust is established, it could be that iterated games of recipro- 
cated cooperation smoothly follow (Boulding 1978; Osgood 1962). Naef 
and Schupp (2009) find that past trusting behavior is a good predictor of 
behavior in economics-style trust games. If this is true, then we have rea- 
son to be hopeful that once NIA assists in the establishment of the first, 
minimum necessary level of strategic trust, this could lead to a number of 
interactions that are productive for both sides. 

The repetition of interactions involving strategic trust could, over 
time, develop into moralistic trust. Many existing studies have examined 
the relationship between trust experimentally measured in trust games and 
trust assessed through direct survey questions and found that the two are 
correlated (Fehr et al. 2003; Gachter, Herrmann, and Thöni 2004; Naef 
and Scupp 2009). Glaeser et al. (2000) and Gachter et al. (2004) also find 
that their experimental measures of trust are clearly correlated with survey 
questions on past trusting behavior and a question on trust in strangers. 

I hypothesize that NIA is correlated with moralistic trust, measured 
through direct survey questions that entail no reward or loss for the survey 
respondent. Therefore while strategic trust can eventually lead to an increase 
in moralistic trust, moralistic trust can be boosted directly from NIA. 

What would all of this look like if the hypothesized effects were to 
unfold between states over time? The stream of positive events NIA could 
generate can be summarized in figure 6. NIA can open the doors to the 
first initiation of strategic or moralistic trust. Since strategic trust is the 
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basis for institution building, as was described in previous chapters, once 
the required amount of strategic trust is built, this could lead to institutions 
that states can more effectively cooperate through, in a more formal and 
technical environment. Once the infrastructure for institutions is up and 
running, repeated games that are mutually beneficial like the trust game 
could more easily and frequently take place. Institution states then come 
to enter more binding commitments, which allows for confidence building 
and a mitigation of uncertainty. Through these institutions, states that had 
previously been suffering from practices that undermine gain due to nega- 
tive memories of history could increasingly become able to realize mutual 
gain from cooperation. 

Strategic trust could also directly increase iterations of reciprocated 
cooperation that do not necessarily need to be through institutions. As 
these interactions are repeated, they could themselves contribute to the 
building of new institutions. As previously discussed, repeated positive 
interaction could over time build moralistic trust—the basis needed for 
security communities. 

In sum, NIA can provide the first step in alleviating the two main prob- 
lems regions with the history problem struggle from: “undermined gain,” 
which inhibits the realization of mutual gain through institutions, and a 
“constant security fear,” which makes the formation of a security commu- 
nity difficult. Once strategic and moralistic trust are initiated, this could 
gradually lead to a responsive and reflexive flow of reciprocal interaction 
(Osgood 1962). 


3.4 The Challenge to Guilt Recognition 


The second dependent variable I focus on after trust is guilt admission in 
postconflict reconciliation. I describe the two possible extremes for repara- 
tion policy in the aftermath of international conflict, and how Japan and 
its neighbor states have been unsuccessful in reconciliation because their 
desired policy points are on different locations between the extremes. I 
propose that NIA can offer a more viable way of bringing the inflictors’ and 
receivers’ approaches closer together via tendencies for prosocial attitudes. 


3.4.1 NIA as a Catalyst for Reconciliation: The Inflictor’s Side 


There are two opposite extremes of how inflictor states can go about repa- 
ratory policy. On the inflictor’s side there is complete denial, forgetting, 


Theories of Identity Affirmation 67 


Institutional 
cooperation 


Strategic 


trust 
n N Iteration of 
NIA reciprocated 


cooperation 


Moralistic 
trust 


Security 
communities 
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or even glorification of the past. For decades, Chinese and Koreans have 
criticized Japan’s approach for being closer to this end. Japan has expressed 
contrition at times, such as the Kono Statement in 1993 and the Murayama 
Statement in 1995 (New York Times 2015). However, Japan’s dominant 
action on several occasions since World War IT has been one of denial. For 
example, current Prime Minister Abe has denied that “comfort women” 
were forced into brothels by Japan’s Imperial soldiers, implying that they 
were willing prostitutes. Abe also selected cabinet members who have 
denied past wartime actions (Hayashi 2008). 

For “inflictors,” acknowledging that their group undertook inhumane 
deeds to others hurts the in-group’s integrity as a fair and moral entity 
(Crocker and Luhtanen 1990; Tajfel and Turner 1979). These countries 
might be relatively less averse toward cooperating with receivers than vice- 
versa, but frustration of constant demands by receivers for repentance can 
cause disinclination for cooperation (Branscombe and Miron 2004; Peetz, 
Gunn, and Wilson 2010; Rotella and Richeson 2013; Sahdra and Ross 
2007). For example, with regards to GSOMIA—the military cooperation 
agreement between Japan and South Korea that fell apart in 2012 due to 
fierce opposition from the latter country (Harlan 2012)—there was less 
reluctance in the Japanese public about signing a security agreement with 
South Korea per se, but news about the South Korean opposition added to 
fatigue in the Japanese public about Korean discontent and demands for 
reparation (Friedhoff and Kang 2013). 
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NIA may reduce such defensive reactions. Group-affirmation has been 
found to diminish inflictors’ tendencies to deny guilt (Adams, Tormala, and 
O’Brien 2006; Cehajié-Clancy et al. 2011). When individuals reflect upon 
the core values of their group, they become more confident about their 
priorities and qualities. As a result, they are more receptive to unfavorable 
information; they do not act as defensively and become open to acknowl- 
edging guilt. 

The larger perspective offered by the effects of affirmation allows peo- 
ple to exhibit more prosocial attitudes. With a calm and objective mindset, 
people can afford the mental space to have more concern for others. In this 
way, individuals in past inflictor countries become better able to embrace 
information about their country’s history, and thus experience guilt. To 
override this guilt, they become receptive to reparation. Gunn and Wil- 
son (2011) found that group-affirmed Canadians expressed more collective 
guilt and shame about their past action against Aboriginal children. Chap- 
ter 5 takes a close look at the relationship between NIA and guilt recogni- 
tion on the Japanese side. 


3.4.2 The Receiver’s Side 


On the receiver country’s side, aversion against the inflictor is oftentimes 
prevalent in society to the extent that it is considered a part of the in-group 
identity. The strong negative image of the other creates an unwillingness 
for the receiver to work in closer cooperation with the inflictor, even if it 
means forgoing potential benefit. By decreasing defensiveness and allow- 
ing individuals to view the larger picture, NIA is expected to enable the 
public of receiver states to realize the benefit of cooperation. 

Receiver states also find themselves in between the two opposite 
extremes of reparatory policy. Surprisingly, several scholarly accounts find 
that directly demanding explicit reparation is not always the most ben- 
eficial approach for the receiver country either. Experts who study post- 
conflict justice and reconciliation are divided by the critical question of 
whether to penalize those responsible for past human rights abuses or not 
(Sarkin 2001). First, those who advocate official trial of past inflictors con- 
tend that “ignoring history leads to collective amnesia, which is not only 
unhealthy for the body politic, but is essentially an illusion—an unresolved 
past that will inevitably return to haunt the citizens” (Cehajié and Brown 
2010; Cehajié-Clancy et al. 2011; Cohen 2013; Gilbert 2001; Lederach 
1997; Minow 1998; Sarkin 1999; Tutu 1999). From this perspective, past 
receivers’ needs to heal cannot be disregarded. 
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Those who oppose trials point out that bringing past inflictors to jus- 
tice will be at the expense of other ideals. They maintain that the goals of 
reconciliation—bringing groups together and building unity for peaceful 
coexistence, reconstructing the institutions necessary for stable political 
and economic systems—are in conflict with directly confronting the past 
(Orentlicher 1991). In particular, when institutional structures looking 
over both groups are still fragile, they will not have the capability to sur- 
vive any destabilizing effects of politically charged trials, making the pros- 
ecutions ineffective (Mutua 1997). Experts with this view often argue that 
rather than some explicit form of prosecution, granting amnesty to former 
inflictors does more to consolidate a new, peaceful order.’ 

In Northeast Asia, granting complete amnesty to the inflictors is bound 
to stir harsh resistance from Chinese and South Koreans, and thus may not 
be a reasonable policy (Lazare 2004). For decades since the end of World 
War II, the unmistakably dominant (yet unsuccessful) approach by the 
Chinese and South Korean masses has been to pursue the policy advocated 
on the other extreme: pressuring Tokyo for sufficient atonement and repa- 
ration (Christensen 1999; Friedberg 1993; Kydd 1997; Lebow 2004; Oni- 
shi 2007). However, the feasibility and utility of such policy are doubtful. 

An often-quoted example in comparison to the Japanese case is Germa- 
ny’s postwar approach to guilt and reconciliation. Experts agree that Ger- 
many and Japan are of central importance in Europe’s and Asia’s regional 
orders, respectively (Berger 2012; Katzenstein 2003, 2005). But those who 
emphasize the importance of sufficient remorse and reparation claim that 
European states were able to successfully reconcile because of Germany’s 
clearly expressed remorse for World War II crimes (Dujarric 2013; He 
2011; Kristof 1998). Specifically, Bonn’s willingness to accept responsibil- 
ity for the actions during the Nazi era, and the absence of denials among 
mainstream West Germans, reassured Germany’s neighbor countries to 
the extent that a security community has developed in Western Europe 
(Lind 2008). Evidence from this viewpoint suggests that official contri- 
tion for past violence facilitates international reconciliation. It is this same 
logic through which Chinese and South Korean masses pressure Japan (He 
2006; Scanlon 2005). 

Scholars who take a different stance on reconciliation contend that 
pressuring Tokyo as the best way to initiate peace in Asia is debatable, for 
three reasons. First, an official policy of penitence is not necessary for rec- 
onciliation. A closer look at European history reveals that past enemies 
in the region were able to successfully mend relations without coming to 
terms with the past. For example, in the early years after the war, West 
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German education, commemoration, and public discourse ignored Nazi 
Germany’s atrocities and instead mourned only German wartime suffer- 
ings (Hein and Selden 2000; Lind 2008). However, West German-French 
relations drastically changed during this time. By the early 1960s, before 
Bonn started expressing atonement, French already viewed the West Ger- 
mans as a security partner (Lind 2008). 

Second, it is not plausible to expect a public apology from Tokyo in 
the foreseeable future. For decades, Chinese and South Korean elites have 
unsuccessfully attempted to push Japan into official repentance and repara- 
tion. Governments have incentives to save face to their domestic audience, 
and an official apology entails costs to reputation (O’Neill 1999). In addi- 
tion, considering the divergence between Japan and its neighbors’ positions 
so far—with Tokyo arguing that expressions of remorse have already been 
offered, and Beijing’s and Seoul’s stance being that any expressions to date 
have been far from sufficient—it is difficult to imagine a policy of explicit 
contrition where all sides will agree and be satisfied enough to move on. 

Finally, such a policy can backfire, further harming relations. Evidence 
from Europe and elsewhere suggests that governmental apologies tend 
to prompt conservatives to promote a competing narrative that glorifies, 
justifies, or denies the country’s past.® These narratives in turn alarm the 
receiver countries, spawning distrust and negative images once again. The 
paradox of public apologies is they can make reconciliation further unlikely 
(Lind 2008). 

A strategy that nudges inflictors and receivers closer toward each 
other between the extremes of reparation policy will be one that can 
widen inflictors’ willingness to acknowledge a little more guilt than 
before, while at the same time open receivers’ minds to cooperating. 
Directly pressuring an inflictor for a public apology will likely trigger 
that country to protectively guard its self-esteem, leading to more bit- 
terness. For this reason, a policy of official contrition is not a panacea to 
rebuilding relations and might not even be in the receiver country’s best 
interest. Figure 7 summarizes how NIA can theoretically allow both 
sides to meet in the middle. 

Denials or glorification of past violence are indeed toxic for peaceful 
relations. But rather than seeking ways to receive an apology, NIA focuses 
on how psychological change within a group can improve relations with 
another group. Instead of pushing Tokyo for reparation as a first step, itis a 
more viable and effective strategy to find alternative routes that can break 
from the cognitive inertia that prevents reconciliation (Biletzki 2013). 
Prior beliefs often have greater weight and influence the acceptance of the 
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Figure 7. NIA can move inflictor and receiver sides closer together on reparatory 
attitudes. Source: Eunbin Chung. 


information. Therefore information that is inconsistent with preexisting 
beliefs is likely to be disregarded as unreliable or unimportant. Because 
cognitive inertia can inhibit humans from learning in a prudent manner, 
animosity between countries with a history of conflict can be perpetuated 
even when facing information that promises potential benefits of coopera- 
tion. Affirmation shifts psychological focus to provide the mental space for 
coolheaded updating. 

Chapters 7 and 8 focus on specific policy issues in the dynamic of inflic- 
tors and receivers in a postconflict situation and discuss the implications of 
NIA on reconciliation within these dynamics. I propose through empirical 
findings that NIA can bring states closer to reconciliation, as affirmation of 
national identities reduces group members’ defensiveness. 

Chapter 5 examines how NIA impacts guilt. I test the proposed mecha- 
nism of this relationship: whether NIA increases guilt recognition through 
an increased concern for others, which can be referred to as prosociality. I 
thus hypothesize that NIA works through an enhanced tendency for pro- 
social attitudes. 


Hypothesis 2 = Individuals affirmed of their national identity report 
higher levels of guilt toward other country members through 
inducement of prosociality. 
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How can NIA impact an in-group’s image or perception of an out- 
group? In the next section, I discuss the importance of images in interna- 
tional relations and how affirmation can help move perceptions of other 
countries toward a positive, ally image. I then view the theory of NIA in 
more detail through a review of existing research and the proposed mecha- 
nisms of how it works. 


3.5 Perception of Others in a Negative Image 


Perceptions and images matter in international relations. Images can be 
defined as a subject’s cognitive construction or mental representation of 
another actor in the political world (Herrmann and Fischerkeller 1995). 
Such images reflect the stereotypes people hold about people from other 
countries, and at the same time serve to justify certain attitudes and behav- 
ior toward another country (Alexander, Brewer, and Livingston 2005). 
Based on images, people evaluate whether the other country is a candidate 
for cooperation (ally) or competition (enemy). 

Stereotypes cause people to act based on positive or negative images of 
the other, which may differ from consequences of systematic processing of 
information. I argue that NIA can induce more positive images, therefore 
removing these motivated stereotypes. The findings presented in chapter 6 
confirm this by empirically examining the effect of NIA on positive images 
of other countries from the South Korean perspective. 

Theoretically, identity affirmation works through two mechanisms to 
improve individuals’ perceptions of out-groups in a more positive way. 
‘These are through a realization of the perceived opportunity of cooperat- 
ing with the out-group (as opposed to a perceived threat from the out- 
group) and through an elevation of the in-group’s status. First, affirmation 
enhances evenhanded processing, thus helping people realize the benefits 
of cooperating with the other country. This implies a shift from perception 
of the other country as a target for competition to one of cooperation. The 
increased positivity in the image of another country entails a perception 
that the two countries’ goals are compatible (as is the case in institutional 
cooperation between countries) and not necessarily zero-sum (as would 
be in cases of a security threat). Second, NIA elevates perceived in-group 
status. As mentioned, identity affirmation offers a way to elevate a sense of 
self, or one’s status, without necessarily putting down the other. NIA can 
thus help move imperialist images (in which observers would view the out- 
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group as being superior in status) into an ally image (in which observers 
perceive their status to be equal with the out-group) by increasing percep- 
tions of goal compatibility as well as perceived in-group status. 

The following section provides a brief overview of why perceptions of 
other countries matter in international relations, and then discusses this in 
the context of Northeast Asia. 


3.5.1 Why Do Perceptions Matter? 


Increasingly from the 1950s, scholars have noted that international rela- 
tions cannot be explained by material factors alone, and how actors psy- 
chologically perceive of others’ images affects the outbreak of war and the 
conclusion of peace in various ways.’ Indeed, the stakes are high when it 
comes to the images people hold in the international realm. First, images 
influence public decisions to go to war. Morgenthau (1973) emphasized 
that subjective judgments shape decisions regarding the use of force, and 
consequently incorrect perception of the other country’s motivation is per- 
ilous, often leading to war. Jervis (1976) argued that how people perceive 
of their adversary’s intentions can result in spiral or deterrence models 
of conflict. Herrmann, Tetlock, and Visser (1999) find empirical support 
that the image of an adversary influences mass public decisions for mili- 
tary action. The pictures people have of other countries become central 
building blocks in their identification of the threats and opportunities their 
country faces (Herrmann 2013). 

Second, images construct routine behavior in world politics. Construc- 
tivists have long asserted the importance of habit in international relations 
(Hopf 2010). When images are hardened into habit, they become assump- 
tions that are taken for granted. Habit produces basic parameters of what is 
seen as being in or contrary to a country’s interest (Herrmann 2013). When 
negative images become habit, they can create and reproduce undesirable 
and dangerous patterns of state interaction such as enduring rivalries. 

Finally, images influence learning behavior. People draw different les- 
sons from historical outcomes based on the images they hold (Tetlock and 
Lebow 2001). In cases of intractable conflict or enduring rivalries, failure 
to rethink and adjust preexisting beliefs to incoming information is a major 
cause of intelligence failure (Jervis 2010). 

In sum, the idea of images heightened the significance of perception 
in international relations (Jervis, 1976; Jervis and Snyder, 1991). During 
the Cold War the enemy image received a great deal of attention in schol- 
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arship, reflecting the significance of studying images in critical situations 
for international security and peace (Brofenbrenner 1961; Cottam 1977; 
Holsti 1967; Shimko 1991; Silverstein 1989; Stuart and Starr 1981; White 
1965, 1968). 


3.5.2 Image Theory 


Image theorists define five types of images resulting from perceived inter- 
national relations: ally, enemy, imperialist, colony, and barbarian (Her- 
rmann and Fischerkeller 1995). The theory specifies the conditions under 
which each image is likely to appear, as well as behavioral orientations in 
foreign policy we can expect from them. 

Images can be predicted based on three factors between the countries: 
goal compatibility, relative power, and relative status. The three dimen- 
sions are critical to stereotype formation between groups (Alexander, 
Brewer, and Herrmann 1999). Each dimension represents an assessment 
of the perceived relationship between one’s country and another (in other 
words, is the other country higher or lower or equal in power and status 
relative to my country) (Alexander, Brewer, and Livingston 2005). 

The first dimension, goal compatibility, refers to the perceived threat 
or opportunity one country believes another actor represents. This reflects 
what one views to be the intention of the other. The other country can 
either be seen as having motivations that threaten the realization of one’s 
own country goals or be a candidate for mutual gain through cooperation. 
Neoliberal institutionalists in the field of international relations underline 
the significance of perception of the opportunity for mutual gain (Keohane 
1984; Koremenos, Lipson, and Snidal 2001). 

Second, relative status reflects how a country perceives of or values the 
other country or its culture. One source of international violence is the 
inclination of one country to see itself as more culturally advanced and the 
other as backward (Horowitz 1985).’° 

The final dimension of power differences refers to disparities in mili- 
tary, political, and economic resources (Alexander, Brewer, and Livingston 
2005). Although realists often dismiss the importance of psychological per- 
ception in international relations, perceived relative power provides and 
constrains the options decision makers can seriously consider pursuing 
(Herrmann 2013). Power can be correlated with status of groups, although 
not necessarily. For example, it is possible for people of a country to per- 
ceive another country as lower in cultural status but with stronger military 
capabilities. 
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When countries’ goals are seen as compatible, members of a country view 
the other country in a positive, ally image. 


This image creates nonthreatening assessments and behavioral inclina- 
tion to cooperate with the other country. Countries in the ally image are 
positively perceived, having cooperative and trustworthy attributes. Since 
image also serves the function of justifying cooperative treatment of the 
other country, an ally image, once it is established, can facilitate further 
cooperative behavior. 


Other images are negative and stem from relations where the countries’ 
goals are viewed as incompatible. 


The enemy image is the flip side of the ally image, also arising when the 
perceived status and power of one’s country are equal to the other’s. How- 
ever, the country in an enemy image is perceived as having threatening 
motivations. The relationship is characterized by intense competition, and 
the other country is considered a candidate for attack or containment. The 
enemy image depicts another country as having untrustworthy, hostile, 
manipulative, and opportunistic characteristics. 

The remaining three images arise in situations characterized by 
unequal power and status. When the in-group perceives itself as superior 
and sophisticated in cultural status compared to the out-group but weaker 
than the out-group in power, the out-group is seen in a threatening bar- 
barian image. This image describes the out-group as strong but culturally 
inferior, violent, ruthless, irrational, and destructive (Alexander, Brewer, 
and Livingston 2005). 

When one group thinks it has higher status and power than another 
group, it perceives an opportunity to eliminate the goal incompatibility 
between groups by ways of exploitation or paternalism. Because exploita- 
tion is morally incorrect, the tension between this behavioral preference 
and the moral constraint against it is balanced by developing a representa- 
tion of the other country as lazy, lacking discipline, naive, incompetent, and 
vulnerable. This colony image justifies exploiting out-groups to help or pro- 
tect them. Social and political psychologists have explained how such jus- 
tifications occur as attempts to achieve psychological balance (Elster 1998; 
Festinger 1957; Heider 1946; Kuran 1998; Thies 2009). A colony image 
motivates observers to deny any guilt or need for reparation regarding past 
invasion and colonization, because the image provides a justification that 
the target country in some way deserved such “enlightenment.” 
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A complement to the colony image is the imperialist image, generated 
when the in-group perceives itself as weaker in power and lower in status 
than a threatening out-group. Rather than directly attacking the out-group 
to deal with the goal incompatibility (not a viable option given the out- 
group’s strength), the in-group responds with indirect resistance, sabotage, 
and acts of revolt or rebellion. Here the out-group is seen as arrogant, 
paternalistic, controlling, and exploitative, and the in-group may further 
believe that some of their members have sold out and allowed themselves 
to be used by the imperialists. 


3.5.3 National Identity Affirmation and Images 


In this section, I propose my theory of how NIA can influence the three 
determinants for images, as well as the implications for Northeast Asian 
states. I argue that NIA helps shift negative images toward a positive ally 
image. In particular, NIA provides 1) increased recognition of goal com- 
patibility or mutual benefit from cooperation, and 2) an elevation of in- 
group status that does not necessitate putting down the relative status of 
the out-group. In other words, for groups that perceive their status to be 
lower than the out-group, NIA can help enhance perceptions of compa- 
rable cultural status. 

First, among the three elements of images, NIA can increase awareness 
of goal compatibility, with the main sentiment toward the other moving 
from perceived threat to perceived opportunity in mutual gain from coop- 
eration. How? Group-affirmation releases defensiveness in one’s reaction 
toward an out-group and allows for objective processing of information 
(Sherman et al. 2007). In casual terms, affirmation takes people out of their 
angry little selves, or little holes they live in, and lets them realize the larger 
picture. The initial step toward investment necessary in cooperation is dif- 
ficult, because one does not want to be left with the sucker’s payoff. How- 
ever, with the minimum necessary trust to take that first step, further solid- 
ified by iterated interaction, recurring rounds of cooperation that benefit 
both sides are possible (Axelrod and Hamilton 1981; Berg, Dickhaut, and 
McCabe 1995; Duffy, Xie, and Lee 2013; Grieco 1988). Therefore identity 
affirmation can bring about a transition from perceived threat of the other 
to the realization of perceived opportunity of cooperation. The resulting 
effect is a nudge toward perception of the other in a positive, ally image. 

Second, relative status reflects how the other country (or culture of the 
country) is regarded or valued in the international context. Importantly, 
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perceived group status is affected by a collective sense of self-esteem 
rooted in group membership (Alexander, Brewer, and Livingston 2005). 
It is this connection between how one views the status of one’s own group 
relative to an out-group where group-affirmation comes in. In chapter 6, I 
study whether NIA among South Koreans affects their perception of three 
neighboring states—China, Japan, and Russia—and the United States, 
which together have the heaviest influence on South Korean politics and 
history. As will be seen, affirmed South Koreans, who have a heightened 
sense of self-esteem in their national identity, are more likely to view the 
neighboring powers in a positive image. Specifically, affirmed South Kore- 
ans responded that they perceive the other countries as candidates for 
cooperation rather than as competition or with hostility—an ally image. 
Through NIA, any perceived gaps between the perceived status of South 
Korea and the other four powers would narrow. 

The third criterion determining images is power inequality. Power 
differences generally refer to military capabilities in the context of inter- 
national relations. The reality of material differences may seem relatively 
difficult to challenge just with psychological change—a point frequently 
made by realists to underscore the limits of psychological approaches in 
international relations (Walt 1987; Waltz 1979). However, the perception 
of relative power is in fact central to realist theory (Kray et al. 2010; Lebow 
1984; Morgenthau 1973). Power cannot be examined as a merely objective 
factor, and perceptions of security rest on estimates of relative power and 
assumptions about the motives of other countries (Herrmann 2013). In 
addition, political psychologists have noted that perceptions of material 
capabilities do not necessarily go proportionately hand in hand with mea- 
sures of hard power. On the contrary, how people perceive of the other’s 
material capabilities is very much a function of psychological perception 
(Heider 1946). For example, Fitzsimons and Shah (2008) find that once 
an out-group is evaluated as instrumentally valuable for the in-group, the 
out-group is observed in a more positive light. 

Also recall that these images should be regarded as extreme points on 
a continuum of images, and any image in-between those or a combination 
of two or more is possible. Although power inequalities are more explicit 
between South Korea and great powers like the United States, China, and 
Russia (Japan’s case is less clear due to its lack of a military force, but can be 
considered protected under a U.S.-provided security umbrella), NIA can 
still have the effect of pushing South Koreans’ perception of neighboring 
states further toward the ally image. 
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TABLE 1. Hypothesized effect of NIA on image change 


Judgment of 


Goal Out-group the Foreign Policy 
Perception Compatibility Outgroup Image Image Reveals Orientation 
Positive Mutual Gain Ally Equal Power Institutional 
Equal Status Cooperation 
Negative Threat Enemy Equal Power Containment, 
Equal Status Attack 
Imperialist Superior Power Resistance, 
Equal Status Rebellion 
Barbarian Superior Power Defensive 
Inferior Status Protection 
Opportunity to Colony Inferior Power Intervention, 
Exploit Inferior Status Exploitation, or 
Paternalism 


‘Table 1 summarizes image theory predictions of out-group images 
and their behavioral orientations, which in international relations would 
appear in a form of foreign policy. The empirical tests in chapter 6 study 
the proposed effect of NIA on perceptions as shown by the arrow in table 
I, examining whether individuals affirmed of their national identity hold 
more positive perceptions of other countries, and view the other countries 
as candidates for cooperation (i.e., in an ally image) rather than competi- 
tion, caution, or hostility. Based on these findings, we can expand our theo- 
retical expectations to predict behavioral orientations. 

Incorporating insight from image theory, we can expect the perceptions 
individuals hold of other countries to accompany and engender public sup- 
port for associated policy. For example, the negative images can initiate a 
security dilemma or spiral model situation, where countries build military 
strength for self-protection purposes but find themselves in an increas- 
ingly threatening situation (Glaser 1997; Jervis 1976, 1978). Countries that 
hold enemy, imperialist, or barbarian images of another country will seek 
security by responding to the other state’s military buildup with similar 
measures, ironically only increasing tension, straining political relations 
and fueling conflict, even when no side desired it. A colony image may also 
cause military conflict, motivating the country holding the image to take 
advantage of or exploit the other country through invasion or colonization. 
On the other hand, the realization of mutual gain between countries can 
transfer the images these countries hold of each other to the first row in 
table 1, leading to an ally image. 
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How Can NIA Change Images in Asia? 


Chapter 6 uses observational data from South Korea to examine the rela- 
tionship between NIA and perception of other countries. Although I have 
only tested this in South Korea, based on the findings and by expanding 
my theory behind it, we can assume affirmation can have positive effects 
on perceptions from other countries as well. In Northeast Asia, NIA may 
help relocate the imperialist image Chinese and South Koreans held of 
Japan in the past closer toward an ally image, and Japanese perception of 
South Korea and China from a colony image to an ally image. Moreover, 
with the rapid rise in China’s power, there is a possibility China is perceived 
as a major upcoming threat to Japan. The psychological effect of NIA can 
attenuate this threat by helping Japan realize the opportunity of cooperat- 
ing with China, moving China into an ally image. 


Japanese Images of China and South Korea 


Goal incompatibility can pose a threat through a number of images. Chi- 
na’s power is on a rapid rise, and if the Japanese come to believe that China 
is equivalent in power and status as Japan and thus a candidate for com- 
petition, then threat appraisals may result and an enemy image will arise. 
If the Japanese think China has grown to match the power of Japan but is 
still lacking in areas of cultural sophistication such as a democratic system, 
treatment of human rights, intellectual property, or environmental issues, 
Japan can come to see China in a barbarian image. Thus if the Japanese 
perceive China to be incompatible in goals but high in power, either of 
the negative images can be generated, leading Japan toward competition 
or self-defense. 

What inhibits the recognition that cooperation can be beneficial for 
both sides is psychological defensiveness that disables objective reasoning 
and systematic processing. Affirmation can thus help prevent past Japanese 
perceptions of China in a colony image from transforming into an enemy 
or barbarian image, and instead into an ally image. 

NIA can also encourage a shift in Japan’s image of South Korea from a 
past colony to a present ally. This shift engenders stronger motivation for 
cooperation. It can be inferred that the Japanese viewed Korea in a colony 
image in the past, perceiving opportunity from Korea’s inferior power and 
status. Although South Korea’s economic development since the end of 
World War II has weakened the image the Japanese held of Korea dur- 
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ing the period of colonization, some phenomena witnessed today might be 
rooted in remnants of it. 


Chinese and South Korean Images of Japan 


Let’s now examine what NIA can do for the three determinants of images 
of Japan from the Chinese and South Korean perspectives, or the past 
“receiver” states. First, as asserted, NIA can move adversarial actors into 
the realm of goal compatibility, where countries perceive opportunity for 
mutual benefit as a product of cooperation. Second, with regard to relative 
status, NIA raises one’s in-group status by making one feel good about one’s 
self as a group member without putting down the out-group (Sherman and 
Cohen 2006). Finally, since the military capabilities of Japan have undeni- 
ably waned in comparison to each of the other two countries since the end 
of World War II, it can be assumed that Chinese and South Korean per- 
ceptions of relative power have shifted with this dynamic. Therefore, even if 
China and South Korea previously held an imperialist image of Japan, with 
the combination of the three dimensions NIA can move this image closer 
into one of an ally. 

Chapter 6 empirically examines whether people who are affirmed of 
their national identity held more positive perceptions of other countries. 
Specifically, I analyze South Korean perception toward Japan, China, 
Russia, and the United States—four important states that share dynamic 
and turbulent histories with Korea. I find that people who held robust 
national identities also perceived of other countries as potential allies to 
cooperate with. 


Hypothesis 3 = Individuals affirmed of their national identity exhibit 
more positive images of other countries. 


In addition to my main hypotheses, I conduct additional tests of NIA 
in actual policy areas of contention between Asian states. This chapter 
described the reasons it is difficult for past inflictors and receivers of con- 
flict to reconcile. Chapters 7 and 8 extend that discussion to apply NIA’s 
effects on real policy issues that have important symbolic value in recon- 
ciliation between China, Japan, and South Korea. Chapter 7 first focuses 
on the receivers’ side. The publics in receiver states find it difficult to 
accept cooperation with inflictor countries due to deprivation of what they 
judge to be adequate compensation, even when cooperation would benefit 
them. Focusing on the case of a military agreement (GSOMIA) between 
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South Korea and Japan, I hypothesize that South Koreans affirmed of their 
national identity are more open to the idea of signing the agreement with 
Japan, and this occurs through a boost in strategic trust. 


Hypothesis 4 = NIA nudges South Koreans most extremely against 
GSOMIA into a more moderate middle zone, leading them to 
become more supportive of it." 


Chapter 8 then moves to the “inflictor” side. Building on the findings 
of chapter 5, chapter 8 empirically examines Japanese citizens’ willing- 
ness to personally initiate or participate in reparatory efforts. Inflictors 
typically find it less difficult to sign cooperative agreements with the past 
receivers; the main challenge instead is the demand for adequate repara- 
tion from receivers. I hypothesize that by releasing group members from 
a need to react defensively, NIA can lessen inflictors’ tendencies to deny 
past guilt. In particular, Japanese fatigue regarding the issue of reparation 
concerns doubt about the sincerity of Chinese and South Korean claims 
for “adequate” compensation, to the extent that Japanese public opinion 
polls reveal a belief in a dispositional “anti-Japanese DNA” in Chinese and 
South Koreans that facilitates political use of the “history card” (Friedhoff 
and Kang 2013). This distrust in the ethical character of the other leads to 
tendencies to disregard Chinese and South Korean demands, often repro- 
ducing sour relations. I hypothesize that NIA boosts Japanese trust of the 
moralistic character of other parties, which leads to openness in endorsing 
compensation toward China and South Korea. 


Hypothesis 5 = Japanese affirmed of their national identity are 
more willing to endorse reparatory policy.” 


3.6 Conclusion 


We began this chapter with a discussion of NIA’s prospects for reconcili- 
ation. I described why trust is important generally in international rela- 
tions, and the two main problems distrust causes, which is the hindrance 
of mutual gain and aggravation of the security dilemma. The type of trust 
necessary in realizing gains from cooperation is strategic trust, while the 
trust needed to overcome the security dilemma is moralistic trust. The 
consequences especially hit hard for states with the history problem. 
While I disagree that pressuring Japan into a government-level apol- 
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ogy is the most feasible strategy, it should be noted that I am not arguing 
that actions of the past should be forgotten. Rather, NIA suggests a more 
feasible way to approach a reconciliatory outcome that can satisfy both 
inflictor and receiver with less resistance and friction. With this applica- 
tion of psychology, we can strike a balance between the extremes of the 
debate on postconflict justice. Rather than employing legally forceful and 
institutional measures to judge offenders and make them pay, NIA paves a 
way for offenders to realize within themselves any collective guilt and need 
for reparatory measures. 

Identity affirmation has been known to take individuals out of their 
defensive selves and enable them to see the “bigger picture,” leading to a 
dispassionate learning process. This allows group members to overcome 
defensive reactions that would otherwise aim to protect the in-group’s 
image. In this light, NIA can increase inflictors’ openness to acknowledg- 
ing past guilt and therefore endorsing compensation, and can increase 
receivers’ willingness to cooperate with the inflictor for mutual benefit. 

Therefore what we need to promote is neither extremes of a blanket 
strategy of totally forgetting nor aggressive demands of atonement. NIA is 
an easier way of resolving the psychological and policy distances between 
how inflictors and receivers view the past. NIA is not just more efficient 
than using political resources to pressure Japan to apologize but also more 
effective in moving the psychological underpinnings of the inflictor and 
receiver toward agreement. 

In the next five chapters, these theories of NIA are tested in different 
settings. In chapter 4 I examine NIA in several field experiments in China, 
Japan, and South Korea and find that NIA is correlated with increased lev- 
els of both moralistic trust and strategic trust in a country-to-country set- 
ting. Chapter 5 experimentally examines guilt recognition in the Japanese 
public. Building on my experimental findings, chapter 6 provides a boost 
of external validity through analysis of survey data that explicitly asks about 
the positive or negative perceptions people hold of other countries. This 
allows for a focused analysis into the power of NIA in changing the images 
people have in an international context. Chapters 7 and 8 show results of 
additional analysis from the experiments in which we find that NIA can 
affect real, unresolved policy issues between the countries. 


FOUR 


National Identity and Trust 


Experiments in China, Japan, and South Korea 


‘To test the theory that national identity affirmation increases trust between 
people in different countries, I conducted cross-national experiments. This 
chapter begins with a description of how moralistic and strategic trust can 
be interrelated and meaningful in international relations. I then explain my 
experimental design and results. The experiments manipulated national 
identity affirmation and measured levels of trust using techniques devel- 
oped in behavioral economics and social psychology. Across my three coun- 
tries of interest, individuals who were affirmed of their national identities 
reported more trust of people in the two other countries, a finding which 
held in both attitudinal and behavioral measures of trust. On the other 
hand, ideas that emphasize an overarching homogeneity or commonality 
across the countries were not associated with trust. 


4.1 Method 


I tested the following hypothesis on national identity affirmation and trust 
in the context of Northeast Asian states, in a lab-in-the-field experiment 
with a total of 1,118 undergraduate and graduate students recruited from 
three universities in South Korea, Japan, and China. 


Hypothesis 1 = Individuals affirmed of their national identity trust 
the other country more than individuals that are not affirmed. 
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‘To describe my experimental design, I begin by explaining how the 
experiment was conducted in South Korea as one example for the sake of 
simplicity. The same experiment was conducted in Japan, and a slightly 
shorter version of the same experiment was completed in China, with just 
the country and opponent country names changed as needed. 

Over the course of two weeks at a university in Seoul, 484 students 
came to a computer lab to participate in a paid survey. The survey was 
advertised on a board of announcements listed on the homepage of the 
university website as an opportunity for students to complete a computer- 
based survey and receive a small cash reward for participation.' Although 
advertised as a plain survey on students’ opinion on foreign affairs, the 
survey was in fact a survey-based experiment designed to test the effects of 
NIA on trust. 

Roughly a quarter of the sample was randomly assigned to each of four 
conditions illustrated in table 2. Participants were not paired with people 
from their own country, so they were randomly assigned to either one of 
the “two other countries” conditions. 


4.1.1 Research Design and Materials 


The structure of the experiment is summarized in figure 8. 

Participants were randomized to either first receive the affirmation 
treatment (control) or a set of three questions reflecting previous prescrip- 
tions for overcoming historical animosity that promote a sense of over- 
arching commonness between countries. These measured 1) how much 
subjects retained an overall “Asian” attachment, as opposed to the attach- 
ment that subjects felt only to their country, 2) the extent to which subjects 
championed the idea that Asia would become an integrated community 
like the European Union in the future, and 3) how much subjects agreed to 
the constructivist idea of a common interpretation of history. These three 
questions were included in order to examine their correlations with trust. 
All three questions were measured on a modified Likert scale. 


TABLE 2. Two-by-two experimental design (South Korean example) 


Opponent Country: Japan Opponent Country: China 


National Identity Affirmed N=90 N = 86 
Nonaffirmed (Control) N=91 N!=217 


‘In all three countries, I aimed for approximately 100 subjects per condition; however, in 
some conditions like this one, the number of participants responding to the survey advertise- 
ment was higher than others. 
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Survey 
Measures of attachment to Asia, EU model, a common history 


Manipulation 
National identity affirmation treatment vs. control 


Measures of Trust 
Trust questions and trust game 


| Debriefing 


Figure 8. Experiment structure. Source: Eunbin Chung 


The first question involved the idea that attachment to a superordi- 
nate identity that includes both current in-group and out-group—that is, a 
redefinition of the in-group as a larger entity that contains both of “us”—is 
a way to achieve overarching peace (Gaertner and Dovidio 2014). This is 
the common stream of thought behind studies suggesting the promotion 
of universalism that submerges existing identities: proponents of a supra- 
national type of regionalism (Schuman 1950), homogenizing strategies of 
assimilation (Barry 2002; Waldron 2002), regional integration via a func- 
tionalist spillover (Haas 1958; Rosamond 2000), or merging into a larger 
in-group that dismantles subcategories through individual contact (Allport 
1954). In order to assess this, subjects were asked to report how strongly 
they identified with Asia as a whole, or how important it was to the subjects 
that they were “Asian.” 

Witnessing the relatively successful “overcoming of history” in Europe, 
some scholars suggest the European Union as a forward-looking model 
for Asia (Chopparapu 2005; Dent and Huang 2002; Hund 2003; Ravenhill 
2001; Soesastro 2006; Yahuda 2006). In accordance with this thought, and 
in order to offer a narrower focus from the first question that assessed a 
sense of regional attachment, the second question provided a short para- 
graph describing that some scholars believe Northeast Asia could integrate 
into a tighter community like the EU in the future, and asked subjects how 
much they agreed with that view. 

The last question attempted to assess the constructivist assertion that 
an intersubjective understanding of history is a more successful way of rec- 
onciliation (Kupchan 2010; Wendt 1999). Borrowing sentences from pre- 
vious research (He 2008; Lind 2008), I provided a short paragraph depict- 
ing a common interpretation of history, one that both inflictor and receiver 
countries of aggression could reach agreement on: that the traumatic past 
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of East Asian states was a tragedy of the time in history, due to the imperi- 
alistic and militaristic world order at the time, rather than the doing of one 
country alone. Participants were asked to indicate their level of agreement 
toward this understanding of history, to see if the subjects who shared this 
interpretation in inflictor and receiver states reported higher levels of trust 
of each other. 

Participants in the affirmed condition performed the NIA treatment, 
which followed common practice in psychological affirmation studies. 
The affirmation treatment is a straightforward, nonpolitical task. Self- 
affirmation on an individual level in social psychological experiments is 
typically done by asking subjects to either write about an important value 
to the self such as family or religion or to rank values in order of impor- 
tance. The manipulation in my experiment looked similar but was done on 
a group level, by affirming social identities. Since the group I was inter- 
ested in affirming was the subjects’ countries, the treatment asked subjects 
to choose from a list of nineteen values the one they deemed most impor- 
tant for their country and people from their country, and then write a short 
essay on why they think so. The list of qualities aimed to affirm their self- 
worth as a group and was chosen carefully so that none were specifically 
related to out-group sentiment or competition with another country. The 
order in which the response options were presented was randomized. 

Participants in the control group performed the nonaffirmation task, 
in which questions were identical in format but completely irrelevant to 
group values. Subjects chose out of a list of nineteen exotic-sounding jelly 
beans one that soundest tastiest and were to write a short essay on why they 
chose that flavor (Critcher, Dunning, and Armor 2010). 

Then began measurements of trust, the dependent variable. As a mea- 
sure of particularized moralistic trust, subjects were asked a series of ques- 
tions that directly asked how much they trusted the government and peo- 
ple of their opponent country, which depended on the condition they were 
randomly assigned to. These questions were borrowed and adapted from 
the questions on trust in the World Values Survey.’ 

Questions measuring moralistic trust were removed from my survey in 
China; thus only data from South Korea and Japan are used in my analysis 
of moralistic trust. Items that were regarded as politically sensitive were 
deleted as a condition for permission of carrying out the survey, leading 
to a shorter survey conducted in China. Consequently, questions directly 
asking about levels of trust regarding the other country’s government or 
people, as well as questions measuring affect levels of other countries, were 
omitted. 


Box 1 


Circle which one among the following values you think is most important to 
Koreans generally. 


self-discipline family democracy 
loyalty creativity originality 
appearance / fashion honesty concern for others 
patience religion / spirituality working hard 
self-respect friendships personal liberty 
health/fitness achieving your dream 

social skills courtesy/ manners 


In the box provided below, write 1-2 paragraphs about why you think this 
value tends to be important to Koreans. 


In the box provided below, write 1-2 paragraphs about what you think Kore- 
ans have done to demonstrate this value. 
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For this reason, I had other explanatory factors in the Japanese and 
South Korean surveys that I couldn’t measure in China. Since I could not 
measure all the covariates I wanted to measure in China, I was unable to 
include data from China in my model on moralistic trust. I provide a list of 
the trust questions below. 

I will briefly discuss why I chose these five questions to assess subjects’ 
moralistic trust of another country. Qr and Q3 directly ask how much 
subjects trust the other country’s government or people. I have both of 


Box 2 


Qr. How much trust do you have in the [Korean / Japanese / Chinese] 
(opponent country, given depending on condition subject was in) 
government? 


No trust at all / Little trust / Quite a bit of trust / A lot of trust 


Q2. Do you feel the [Korean / Japanese / Chinese] government would try to 
take advantage of [your country’s] government if they got a chance, or 
do you feel it would be fair? 


Take advantage / Try to be fair 
Q2-a. How strongly do you feel about this? 
Very strongly / Strongly / Weakly / Very weakly 
Q3. How much trust do you have in [Korean / Japanese / Chinese] people? 
No trust at all / Little trust / Quite a bit of trust / A lot of trust 


Q4. Do you feel the [Korean / Japanese / Chinese] people would try to take 
advantage of [your country’s] people if they got a chance, or do you feel 
it would be fair? 


Take advantage / Try to be fair 
Q4-a. How strongly do you feel about this? 
Very strongly / Strongly / Weakly / Very weakly 


Q5. Would you say that most of the time [Korean / Japanese / Chinese] 
people try to be helpful, or that they are mostly just looking out for 
themselves? 


Try to be helpful / Fust looking out for themselves 
Qs-a. How strongly do you feel about this? 
Very strongly / Strongly / Weakly / Very weakly 
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these components of trust—toward people and toward the government— 
because “trust of another country” can mean either one or both. When 
asked a question such as “How much do you trust China?,’ the respondent 
could be confused as to whether they are being asked about Chinese people 
in general or asked for a perspective on Chinese government and policy. 

Aside from those questions that directly ask subjects’ level of trust vis- 
a-vis a country’s people or government, supplementary questions such as 
Q2, Q4, and Q5 were added for a broader and more accurate assessment of 
trust toward another country. These three questions were chosen as other 
ways to ask the level of trust subjects have in other countries. 

As in the case for questions 2, 4, and 5, when possible, questions were 
divided into two steps. In the first step, subjects were asked to choose one 
out of a dichotomous response option. Then the following question asked 
subjects to report how strongly they felt about their previous assessment, 
on a modified 4-point Likert scale ranging from “very strongly” to “very 
weakly.” Sniderman, Hagendoorn, and Prior (2004) note that disaggre- 
gating a survey question into these two steps, in particular when asking 
politically sensitive survey questions, has been known to be a more effec- 
tive measure in terms of processing time accuracy in assessment of subject 
attitudes. Consequently, the survey questions were designed in these two 
steps when possible. 

Finally, subjects played a simulated trust game, which is often used in 
experimental economics to measure trust between players (Berg, Dickhaut, 
and McCabe 1995).’ Subjects were told they would be connected in real 
time via the Internet with another participant from their opponent coun- 
try, where they would exchange numeric responses (representing numbers 
of tokens).* In the game there is a proposer and a responder, where the 
proposer is given one hundred tokens. The proposer must decide how 
much, if any, of the one hundred tokens to send to the responder with the 
proviso that every token sent is tripled before it reaches the responder. So 
if the proposer sends ten tokens, the responder receives thirty, and if the 
proposer sends fifty tokens, then the responder receives 150, and so forth. 
Once the responder receives the tokens, then the responder must decide 
how much, if any, of the amount received to send back to the proposer. 

The amounts sent from proposer to responder are commonly taken as 
measures of trust—indications that the proposer expects the responder to 
reciprocate. Economic theory predicts that if both players are rational and 
selfish and that this is common knowledge, the Nash Equilibrium of the 
trust game is that neither player will transfer a single token to the other 
(Naef and Schupp 2009). A self-interested rational proposer will keep the 
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entire amount of tokens for themself, and if the responder does receive any 
tokens they will not send any back. If the proposer trusts the responder 
enough to believe the responder will return some tokens, however, the 
proposer will send tokens to the responder, as the proposer realizes that 
paying more to the responder gives them a higher chance of receiving back 
a larger amount of money. In this way, the trust game measures how much 
trust the proposer holds with regard to the responder. Likewise, amounts 
sent back reflect trustworthiness—the extent to which money sent elicits 
an obligation to reciprocate on the part of the responder (Leland, Houser, 
and Shachat 2005). I am interested in the levels of trust subjects exhibit 
toward their foreign opponents, and thus focus on the first move by the 
proposer.’ 

My analysis focuses on the first number of tokens participants offer as 
proposers to their receivers in the game for two reasons. First, I employ 
the trust game to measure the amount of trust participants have of their 
counterpart, when the only information given is the nationality of the 
counterpart. This setting allows for an investigation of each subject’s per- 
ceived trustworthiness in their counterpart solely based on abstract images 
subjects hold of the people from the other country, and any stereotypes 
that originate from those images. In order to avoid undesirable cues or 
influence from any other information besides the counterpart’s nationality, 
such as gender, age, or external features, there is no communication‘ other 
than the exchange of numbers. Second, any interaction beyond the very 
first move from the proposer is unlikely to avoid influence from unwanted 
cues, because the moment playing history starts accumulating, the behav- 
ior of the counterpart becomes a lesson for the participant’s next move. 
Therefore, in order to remove this type of updating, the best data to focus 
on is the very first amount participants-as-proposers offer to their foreign 
opponents. 

It is most likely that any behavior players exhibited in the second round 
was highly influenced by the amount they received back in the last step of 
the first round of the game. Due to logistical constraints, however, I was 
unable to make the game truly interactive when conducting the experi- 
ments in the three countries. Therefore, while subjects were told they were 
being paired with a foreign opponent in real time, the responses they actu- 
ally received at the end of the first trust game were actually programmed 
beforehand into the survey to return half of what the receiver in the game 
was given. Since this amount was not random, and all players would have 
found their opponents to play in completely “fair” ways by dividing the 
enlarged pie equally in half, this could very well prompt a different action 
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in the second round of the game than what players would have otherwise 
displayed. 

Participants were told they would play multiple rounds of the game. 
This is because iterated games most closely simulate the interactions in an 
international setting where institutional cooperation occurs. According to 
scholars who advocate the possibility of cooperation through institutions, 
repeated interaction elongates the shadow of the future, leading actors 
to invest in trusting behavior for an increase in self and overall benefit 
(Axelrod 1984; Keohane 1984; Oye 1985). The repetition itself by nature 
becomes an institutional rule that actors abide by, because defecting when 
future interaction is likely harms one’s reputation and will most likely lead 
to a decrease in the next round’s gains. 

Likewise, when participants have expectations of iterated games, the 
type of trust the proposer reveals via their first move in the trust game is 
strategic trust. This is because the proposer endows a certain amount in 
their opponent in the interest of maximizing their own gain.’ When par- 
ticipants are told that they will play multiple rounds with the same player, 
consideration for reputation and long-term exchange comes into play. 
Since participants believed that they would be playing iterated rounds with 
a foreign player in a different country in real time, it can be expected that 
participants would take into account the possibility of reputation building 
over multiple rounds. Because this “shadow of the future” exists in iterated 
games, the tokens proposers offer in the first step of the game represents 
strategic trust. In actuality, all subjects played just one round of the game as 
proposer, and then one more round of the game as responder. 

If the proposer has absolutely no trust of their counterpart, then they 
would send zero tokens from the very beginning. This is congruent with 
the unique subgame perfect equilibrium for a one-shot trust game. In the 
case that the proposer has sufficient level of trust, however, they will engage 
in a joint endeavor with the responder to enlarge the size of the pie so that 
returns increase for both players. 

While experimental games are stylized and offer participants inter- 
action in abstract form, they involve real stakes, risks, and opportunities, 
mostly in the form of gaining or losing money. In a game where subjects 
are paid directly according to how much they earn, there is little incentive 
for individuals to pay their counterparts unless there is the expectation, or 
trust, that doing so will in turn benefit the self. This is the strategic element 
of trust, where people trust each other enough to, for example, do business 
together—they are trusted to uphold their agreements, which will then 
produce mutual benefits. 
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In strategic trust, there must be a potential gain to provide incentive 
to trust the opponent. Unlike the trust game, survey questions asking sub- 
jects directly to self-report their level of trust toward another country are 
measures of subjective moral assessments—verbal indications that do not 
entail any potential reward for the subject. Trust in the trust game, however, 
represents strategic trust that reveals attitudes in the process of economic 
exchange that subjects can gain from. It is a trust that allows for the maxi- 
mization of rewards when players trust each other enough to mutually “use” 
each other for strategic means. The reason proposers invest some, if any, in 
the responder in the first place is because they are aware this will amplify the 
gains (by three times) the two players can divide later, and they sufficiently 
trust the responder will give some of this enlarged return back. Existing 
research has found strong statistical correlation between the expectations 
proposers have as to how much the responder will return and the amount 
the proposer actually sends (for a review, see Naef and Schupp 2009). 

As a measure of strategic trust, the trust game is a useful way to predict 
the trust necessary in readiness to cooperate, because interaction in the 
game is analogous to situations states find themselves in when cooperating 
with each other in international relations. States must first invest some costs 
into the process with some vulnerability, as there is a time lag before the 
fruits of cooperation are available to all participants. Trust between states 
is what will allow them to invest with these costs in the first place, with 
faith that there will be an increasing return. This corresponds to the first 
move of the proposer. When looking at the responder’s side, their decision 
to give back a certain amount to the proposer is much like situations where 
cooperating states are finally dividing the pie. The pie is now bigger due 
to cooperation, just as symbolized with the multiplication of the tokens by 
three. Division of the amplified pie at that point allows for mutual benefits. 
On the other hand, a failure to endow the minimum necessary level of trust 
results in an inability for both sides to enjoy a larger pie. Just like states that 
are unable to actualize the growth of the pie through collaboration due to 
lack of trust, players who do not exchange tokens will be unable to realize 
the larger gain that was possible for them. In other words, distrust stymies 
potentially rewarding collaboration (Rathbun 2009). 

As with institutional cooperation between states, there lurks in the game 
the possibility of receiving a “sucker” payoff (Grieco 1988; Mearsheimer 
1994; Stein 1982). The responder may defect at the end of the game by 
not returning anything to the proposer. However, this kind of cheating in 
collaboration would only be beneficial for a responder in a one-shot game, 
or in the final round of a series of games when participants are aware of the 
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number of rounds they are playing. When players expect to play multiple 
rounds, without knowledge of how many, players are less likely to easily 
defect, as interaction entails some shadow of the future. Considering that 
bilateral relations is never a one-shot game but a series of repeated games, 
defecting would not be a strategic choice. 

Because there were other trust questions in-between the manipulation 
and the trust game, in order to make sure the effects of the manipulation 
were not watered down I built a “reinforcement” of affirmation into the 
game. While subjects were waiting for their opponent to decide how many 
tokens to give back (which was built into the survey and forced participants 
to wait), they were again shown the (non)affirmation questions and their 
written answers. This time, the screen stated that subjects had the chance 
to review and/or edit their answers should they wish. By refreshing (non) 
affirmation in participants’ minds, we could check the effect of affirmation 
on trust with added confidence. 

At the end of the game, in order to reimburse subjects based on how 
much they trusted their opponents, each subject was paid the amount that 
they earned in the first round of the trust game. Thus the size of the award 
was proportionate to what subjects would have earned considering they 
were paired with the same type of opponent. At this stage participants were 
debriefed and then left the room. 

Due to logistical constraints, participants in Japan and China were 
asked to complete the survey at home, or wherever they had access to the 
Internet and could complete the survey without distraction. After hav- 
ing completed the survey, students came to a specified classroom during 
a given time slot to receive their payment from the researcher. All partici- 
pants were assigned a random number so that they could accurately receive 
the payment corresponding to how they played the game. 

Payment was roughly equivalent across countries. Taking into consid- 
eration the foreign currency exchange rates vis-a-vis each other as well 
as different currency values with regard to living costs in each country at 
the time, payments were made to be similar across countries. The exact 
amount of the initial award for participation and additional reward from 
the trust game needed to be adjusted following discussion and agreement 
with staff and faculty members at the universities.’ In South Korea, sub- 
jects received 5,000 Won for participation, with the chance to gain up to 
5,000 Won more from the game. In China, participants were paid 20 Yuan 
for participation, with an opportunity to earn up to 10 Yuan more depend- 
ing on how they played the game. Finally, Japanese participants received up 
to 1,000 Yen, of which 500 Yen was given for participation. 
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4.2 Results 


I open the results section with a presentation of demographics of the sam- 
ple I gathered. First, the gender distribution was roughly half, with the 
proportion of males being slightly higher at 54 percent of the sample. Hav- 
ing recruited participants from university students, the analyses of age and 
education levels of my sample are fairly predictable. The ages of the sub- 
jects ranged from seventeen to sixty-one, excluding missing values; 97 per- 
cent of the sample, or 1,090 participants, reported that they were between 
seventeen and thirty-five years old. 

Participants were also asked to self-report how politically liberal or 
conservative they were on a 4-point Likert scale. In the overall sample, 
a little more than half of the sample self-reported as liberal. While this is 
not a terribly lopsided distribution considering that most college popula- 
tions would be expected to be predominantly liberal, it should be noted 
that what it exactly means to be politically liberal or conservative varies 
by country. For example, China is a socialist republic under the one-party 
leadership of the Communist Party of China. With vastly different political 
systems, the definitions and connotations of being liberal or conservative 
might be too divergent and distinct in nature to group together across dif- 
ferent countries. If the whole spectrum of political orientations is skewed 
to the left in China, for example, the possible range of political ideolo- 
gies that Chinese people are aware of or perceive as desirable might be on 
completely different scales than that in Japan or South Korea. For these 
reasons, the political orientation variable is not included in my analyses 
of trust. My overall sample seemed fairly even in its ideological divide, 
with 56.31 percent self-reporting as politically liberal and 43.68 percent 
as politically conservative. However, when just the Chinese sample was 
examined in isolation, it was found that the majority of the sample (over 82 
percent) self-reported to be politically liberal in China. 

I now turn my analyses to trust. For each of my trust measures, the 
results are discussed in three phases. First, I briefly describe the process 
of how I examine my dependent variables of interest, preparing them for 
analysis. I then present the results of my analyses of NIA’s effect on trust 
on the overall sample as well as variations across different dyads. Finally, I 
test whether the “commonness” variables being compared with NIA have 
an effect on boosting trust. 

In a nutshell, I find that in both cases of moralistic and strategic trust, 
individuals affirmed of their national identity reported higher levels of 
trust in other countries, thus confirming my hypotheses. The effect of 
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NIA on each of the trust measures somewhat varied in quantity across the 
dyads but did not have conflicting effects across any of them. Discussion 
of the theoretical implications of these findings is embedded throughout 
this section. 


4.2.1 NIA and Moralistic Trust 


Unlike physical attributes such as height, weight, and volume, trust is a 
broad and abstract term that is difficult to measure directly in a survey 
(Byrne 2013). Accordingly, it is common practice for social scientists in 
survey research to combine a larger number of items aimed at measuring 
trust, rather than using just one survey question. This adds a degree of 
reliability and accuracy in measuring unobservable variables such as trust. 
Such measures are called Jatent variables in social science research (Bol- 
len 2002; Borsboom, Mellenbergh, and Van Heerden 2003; Edwards and 
Bagozzi 2000; Sobel 1994). 

As such, from my set of questions that measure moralistic trust, I have 
five trust variables, which I combine to create an overall trust index. This 
allows for a more reliable measure of subjective trust than using partici- 
pants’ answers to just a single survey item as a dependent variable. How- 
ever, in order to see if the combined items are indeed sufficiently homog- 
enous in nature and thereby all measuring the same variable of trust, I used 
a confirmatory factor analysis to combine them. 

Treating “overall moralistic trust” as a latent factor, factor analysis helps 
determine the contribution of each of the five trust variables toward mea- 
suring that latent factor. I then scale this new variable so that it ranges from 
o to 1. This process is described in detail in the appendix. 

Figure 9 shows the distribution of this newly created latent trust vari- 
able. For convenience of comparison in analysis, I scaled the trust variable 
to range from o to 1. The mean of this variable is .342, with a standard 
deviation of .189. Since no Chinese subjects are included in the model, the 
N drops to 826, which is the number of valid data points from Japanese and 
South Korean subjects combined. Figure 9 shows that the distribution of 
the trust variable seems close to normal. 

Figure ro illustrates the distribution of the trust variable data by affir- 
mation and nationality of subject and opponent. This is based on all of the 
data I collected with the trust questions, and it compares the responses 
by the nationality of the subject who was surveyed and the countries they 
were asked about. At a glance, it is noticeable that across all conditions 
the subjects who were affirmed of their national identity reported stronger 
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Figure 9. Distribution of latent trust variable (“Moralistic Trust”) 


levels of trust in the trust questions compared to nonaffirmed subjects who 
were asked about the same country. A large table that compares the exact 
numeric values of means and standard deviations of the trust variables 
across all eight conditions (two nationalities Japan and South Korea X two 
possible opponent countries X affirmation and nonaffirmation conditions) 
is included in the appendix. 


Does national identity affirmation boost moralistic trust? 


The hypotheses I am testing in this study of trust are twofold. The first 
argument is that affirmation of each person’s own national identity 
increases trust between people from different countries. The second argu- 
ment is that existing theoretical claims that advocate a sense of similarity 
across nations, in contrast to the first argument, are not associated with 
higher trust. These theories that claim an inclusive commonness can be 
summarized as the following: 1) an all-encompassing “Asian” identity, 2) 
an idea that the EU is a forward-looking model for Asia and Asia should 
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Figure 10. People affirmed of their national identity report more 
moralistic trust (as measured by trust questions) regarding their 
opponent country, compared to individuals who are not affirmed. 


thus integrate into a regional community like the EU, and 3) the claim 
that a common interpretation of history across states is necessary for trust 
between them. 

In order to test my first hypothesis, I first present simple models to focus 
on the effect of affirmation on trust, controlling just for subject nationali- 
ties. I start my analysis with a simple test that examines whether affirmed 
individuals reported more moralistic trust toward the other country, and 
whether there was a difference between trust as reported by South Korean 
and Japanese respondents in the survey questions. 

‘Table 3 shows that affirmation did have a boosting effect on trust: indi- 
viduals affirmed of their national identities reported significantly higher 
levels of trust toward the countries they were paired with, compared to 
nonaffirmed individuals. Controlling for the nationalities of respondents, 
affirmed individuals reported on average .o28 point or approximately 3 
percent higher levels of moralistic trust compared to nonaffirmed indi- 
viduals. This .o28 point margin was based on the o-1 scaled latent variable 
that I created combining participants’ answers to questions on how much 
they subjectively trust the other country. 
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TABLE 3. Moralistic trust by NIA and subject 


nationality 

Moralistic Trust Coef (SE) 

NIA .028* 
(.013) 

Subject Nationality Japan) -.105** 
(.013) 

Constant 270 

N 826 

R? .076 


Note: Linear regression, robust standard errors in parentheses. 
** Indicates statistical significance at the 1 percent level, * signifi- 
cant at the 5 percent level, + significant at the 10 percent level. 


Also, when affirmation effects are not taken into consideration, South 
Korean subjects reported more trust toward the countries they were paired 
with overall compared to Japanese subjects, which is also observable in 
figure Io. 

The next step is to see whether the effect of affirmation differed depend- 
ing on nationality of the subjects. To do this I employed another test that 
included an interaction term of subject nationality and affirmation. If NIA 
had the effect of boosting trust only for South Korean participants, for 
example, an interaction term of subject nationality and affirmation would 
be statistically significant. This would indicate that NIA did not have an 
effect on Japanese participants. However, when I introduced an interaction 
term of nationality and affirmation in the model, it was not significant: 
[F (1, 822) = 0.00, p = .994]. Therefore there was no significant differ- 
ence in the effect of affirmation on trust depending on the nationality of 
participants. 

The interaction did not become significant when opponent’s nationali- 
ties were controlled for either. The results of this test are summarized in 
table 4. 

In addition, the effect of affirmation did not depend on the nationalities 
of the subject and opponent country. A three-way interaction of affirma- 
tion, the subjects’ nationality, and the nationality of the paired opponent 
was also not significant: [F (3, 819) = 1.877, p = .132], which implies that 
the effect of affirmation did not diverge specifically based on the national- 
ity of subjects or their counterparts. 

Across all country dyads affirmed individuals reported more trust 
toward the other country, as was predicted in my theory and hypotheses 
and as is directionally observable from figure ro. Although the boosting 
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TABLE 4. Moralistic trust with NIA and opponent nationality interaction 


Moralistic Trust Coef (SE) 
NIA .031F! 
(.019) 
NIA X Nationality (NIA X South Korea) -.020 
(.025) 
Subject Nationality (South Korea) 095** 
(021) 
Opponent (South Korean) .060** 
(.018) 
(Japanese) 123% 
(.017) 
Constant 430 
N 826 
R 142 


Note: Linear regression, robust standard errors in parentheses. ** Indicates statistical signifi- 
cance at the 1 percent level, * significant at the 5 percent level, t significant at the 10 percent level. 
The p-value for the NIA variable in this test is .06. 


effect of NIA on trust occurred across dyads, a closer examination by coun- 
try reveals that more specifically the comparative quantities of reported 
trust did vary by country. First, regardless of the specific opponent coun- 
try, South Korean participants reported significantly more trust in the 
countries whose trust levels they were asked about, compared to Japanese 
participants. 

Second, when South Korean or Japanese participants were asked about 
how much they trust China, they reported less trust compared to when 
their trust was measured toward each other. In a larger context outside of 
the game, we can be reminded that both Japan and South Korea are key 
allies of the United States, which is in increasing competition with China 
and both economic powers in Asia. Therefore China’s rapid growth, which 
seemingly challenges American hegemony and regional economic powers, 
could pose threats to other countries, making it harder for them to trust 
China. It is noteworthy, however, that NIA effects still occurred in these 
difficult dyads, boosting South Koreans’ and Japanese’ trust in their moral 
assessments of China. 


Model of Moralistic Trust with Commonness Variables 
In order to study the relationship between existing theories of overarching 


commonness (Asian identity, EU model, and common interpretation of 
history) and trust, I measured how much subjects held such perceptions 


100 Pride, Not Prejudice 


in my survey. I include those variables in my next model. Table 5 presents 
the results. I estimated a linear regression that includes the “commonness” 
variables, controlling for where the countries subjects were from and which 
countries subjects’ levels of trust was asked about in the survey. 
Consistent with my hypotheses, and contrary to many existing pre- 
scriptions for increasing trust between people from rival states, none of the 
commonness variables were associated with moralistic trust. How closely 
subjects identified with Asia overall, how much they agreed that Asia could 
be integrated into a regional community like the EU, or how much they 


TABLE 5. Test of moralistic trust including NIA and 
“commonness” variables 


Moralistic Trust Coef (SE) 


NIA .021* 
(.010) 
Attachment to Asia (not much attachment) —.022 
(046) 
(some attachment) —.002 
(041) 
(strong attachment) —.000 
(041) 
EU (somewhat disagree) .016 
(.015) 
(somewhat agree) .016 
(016) 
(totally agree) .016 
(.024) 
Common understanding (somewhat disagree) .000 
of history (.028) 
(somewhat agree) —.000 
(.027) 
(totally agree) .018 
(.030) 
Subject Nationality (Japan) —.061** 
(.014) 
Opponent (Japanese) .066** 
(.020) 
(Chinese) —.036* 
(.015) 
Affect .004** 
(000) 
Constant Bol 
(.069) 
N 776 
R 41 


Note: Linear regression, robust standard errors in parentheses. ** Indicates statisti- 
cal significance at the 1 percent level, * significant at the 5 percent level, + significant 
at the 10 percent level. 
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supported the idea of a common interpretation of history were not cor- 
related with trust. Remarkably, in a model that included all of these com- 
monness variables and NIA, only NIA had a positive effect on enhancing 
moralistic trust. 

I controlled for how much subjects reported that they liked the other 
country (i.e., affect). Affect toward the other country had a significant and 
positive effect on how much subjects said they trusted the country. Hav- 
ing affect variables as explanatory variables in my model, one thing worth 
checking was whether there was any correlation between those who already 
liked the other country and those who were affirmed of their national iden- 
tity. Although people were randomly assigned to the NIA or nonaffirma- 
tion conditions in order to avoid such possibilities, I estimated a t-test with 
affect and affirmation to double-check that those who were affirmed in my 
study didn’t just happen to already like the other country more. Results of 
the 2-tailed t-test indicated that affirmed and nonaffirmed groups did not 
have significantly different answers to the affect questions, t(776) = .25, p 
= .79, adding confidence to my decision of including both affirmation and 
affect variables in the model. 


Affirmation and Affect 


Could it be that those who reported more moralistic trust simply liked 
the other country more? Even when controlling for affect, or how much 
participants reported they liked the other country, affirmation still had a 
positive and significant effect on moralistic trust. 

‘To measure affect, all participants were asked to indicate how much they 
liked or disliked ten countries. The list included both China and Japan, and 
the order of countries was randomized. Inclusion of other countries and 
order randomization were done to disguise the fact that I was getting at 
their affect toward the two countries and to avoid social desirability bias. 
I tried to pick evenly across regions and knowledge subjects may have of 
the countries, so that the overall affect levels of the participant toward the 
countries were not skewed to overly negative or positive. Subjects self- 
reported their level of affect on a slide-bar ranging from extremely nega- 
tive to extremely positive. 

As shown in table 6, affect had a significant effect on moralistic trust. It 
is less surprising and can be expected that those with a higher affect score 
of the other country (i.e., they like the other country more) report that 
they trust the other country more as well, compared to those who express 
a dislike of the country. Therefore it is noteworthy here that something as 
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TABLE 6. Moralistic trust by affirmation and affect 


Moralistic Trust Coef (SE) 
NIA .022* 
(.010) 
Subject Nationality (Japan) -.081** 
(.017) 
Opponent (Japanese) .066** 
(.020) 
(Chinese) —.036* 
(.015) 
Affect 004" 
(.002) 
N 776 
R? 434 


Note: Linear regression, robust standard errors in parentheses. ** 
Indicates statistical significance at the 1 percent level, * significant at 
the 5 percent level, t significant at the 10 percent level. 


counterintuitive as national identity affirmation can have similar effects. 
When one thinks of the policy implications of these findings, affect toward 
other countries is certainly an other-regarding emotion and one that would 
not be easily nudged by a change in policy. After decades of conflictual 
interaction and colonization, it is unlikely that people will easily change 
their feelings about another country and quickly change their emotion of 
enmity to one of amity. However, affirmation of one’s identity is inward- 
looking. It does not entail how one views the other. Therefore affirma- 
tion presents more viable policy implications for increasing trust between 
countries with a rough history. 


4.2.2 NIA and Strategic Trust 


Since I was able to have subjects play the trust game in all three countries 
including China, the number of participants I could examine for the tokens 
model grew from the 826 subjects I had in the “moralistic trust” model to 
1,046.’ The descriptive statistics and distribution of the second dependent 
variable, the number of tokens given by the proposer in the trust game, are 
shown in figure 11. 

Figure 12 graphs how strategic trust differs by nationality of subjects 
and opponents, as predicted by the model. It can be observed that across all 
twelve conditions, participants who were affirmed of their national identity 
paid more tokens to their counterparts in the trust game, compared to par- 
ticipants who were not affirmed of their national identities. 
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Figure 11. Distribution of tokens (“Strategic Trust”) 
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Figure 12. People affirmed of their national identity report more strategic trust (as 
measured by tokens given in the trust game) regarding their foreign opponent, 
compared to individuals who are not affirmed 
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Noticing the peak in the 100 tokens proposers gave to the responders 
in the game, as shown in the histogram of figure 11, I estimated a mixture 
model in R, using package flexmix (Leisch 2004), to take a closer look at what 
was going on. A mixture model is a regression model that allows my response 
variable (strategic trust, represented by tokens) to be the mixture of two 
normal distributions with different means and standard deviations (Leisch 
2004). The mixture model gives each observation a probability of belonging 
to each of the two clusters. The two distributions are mixed together with a 
certain probability. In order to do this, flexmix assigns observations to group 
1 or 2 based on the variables provided and estimates parameters separately. 
This process is laid out in more detail in the appendix. 

In my data, the model identified people who said they gave o-gg and 
roo tokens as two distinct groups with a 100 percent probability. In other 
words, based on all variables in the data, the two groups are very different. 
Since there is no variation in the dependent variable in the group that gave 
100 tokens, however, I chose to figure out what makes these groups distinct 
in a different manner. 

‘To do this, I estimated a two-step Heckman selection model. The Heck- 
man method is used to model which observations select themselves into a 
given subset (Gronau 1974; Heckman 1976, 1979; Lewis 1974). The first 
stage of the method finds the determinants of selection into a subgroup of 
the sample, and the second stage models variation within that group. 

The first stage of the two-step methodology uses a probit model to 
obtain consistent estimates of the parameters of the selection equation. 
In my case, this step models which people select themselves into the o-g9 
tokens group. Results from the probit model are reported in the columns 
on the far right in tables ro and 11. The positive rho (p) in the two tables 
implies that the probit and OLS error terms are highly correlated. 

In the second step of the method, the equation is estimated using OLS 
for the uncensored observations only. This second stage in my analysis is 
thus only of the people who gave their opponents less than 100 (0-99) 
tokens. The results from this OLS regression are reported in the second 
columns from the right in tables ro and 11. 

Which people tended to select themselves into the o-gg tokens group? 
In my survey, all subjects were asked about their experience of living over- 
seas. This was captured by the question, “Have you ever lived out of your 
home country? Check this box only if you have lived overseas for at least 
three years.” I find that responses to this question—whether people had the 
experience of living abroad for a moderately long period of time—affect 
selection into the subgroup (Sartori 2003). Specifically, people who did 
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not have the experience of living abroad for more than three years tend to 
select themselves into the o-99 tokens group. This could be because the 
experience of living in other countries affected the subjects’ concept or 
idea of national identity, which in turn may have brought about different 
mechanisms or effects of NIA. The experience of living overseas may have 
also led people to become more open-minded in a way that makes them 
more trusting of foreigners. These are all promising avenues for further 
investigation and specification in future research. 


Does national identity affirmation boost strategic trust? 


Since the mixture model identified those who gave 100 tokens as a separate 
minority group, and the first-stage analysis of the Heckman selection model 
found through a probit selection that those who gave the maximum num- 
ber of tokens to their counterparts as having spent a significant portion of 
their lives overseas, I took a closer look at the other majority of the data that 
gave under 100 tokens. Tables 10 and 11 include the analyses of both of the 
groups in one figure. For convenience in reading and comparing the results, 
I again scaled the dependent variable to range from o to 1. Before that, I 
show the results of my various examinations of the majority group. 

First, as I did with moralistic trust, I start by checking whether affirmed 
individuals gave more tokens to their opponents in the game compared 
to nonaffirmed individuals, simply controlling for subject nationality. The 
results of this test are summarized in table 7. 

Just as for moralistic trust, NIA had a positive effect of boosting strate- 
gic trust, when controlling for subject nationality. In other words, affirmed 


TABLE 7. Strategic trust by NIA and subject 


nationality 

Strategic Trust Coef (SE) 

NIA .027* 
(.013) 

Subject Nationality (Japan) 028+ 
(.015) 

(China) .083** 

(016) 

Constant 431 

N 857 

R? .036 


Note: Linear regression, robust standard errors in parentheses. ** 
Indicates statistical significance at the 1 percent level, * significant at 
the 5 percent level, t significant at the 10 percent level. 
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subjects gave more tokens to their opponents compared to nonaffirmed 
subjects. On average, affirmed participants gave about three more tokens, 
out of 100 possible tokens, to their opponents when comparing to partici- 
pants who were not affirmed, controlling for subjects’ nationalities. When 
not taking into account affirmation effects, Chinese subjects gave the most 
tokens, and South Koreans gave the least tokens to their opponents over- 
all. Compared to South Korean subjects, Japanese players on average gave 
about three more tokens to their counterparts, while Chinese subjects gave 
an average of eight more tokens. 

As shown in table 8, affirmation had a similar effect when controlling 
for the nationality of opponents as well. Although Chinese gave the most 
tokens to their counterparts, they were least trusted as opponents in the 
game, controlling for affirmation effects. 

Witnessing the low trust South Korean and Japanese subjects expressed 
particularly with regard to China across both measures of trust, I con- 
sidered a test that examined whether the effect of affirmation differed 
depending on the nationality of the opponent player. Table ọ shows the 
results from a test that includes an interaction between affirmation and the 
opponent country. In this model, the interaction variable for neither of the 
opponent nationalities was significant. This indicates that the effect of NIA 
on boosting strategic trust did not differ depending on the nationality of 
the opponent subjects were paired with. In addition, a three-way interac- 
tion of nationality, opponent, and affirmation was tested to see if the effect 
of affirmation was particular to certain dyads. The three-way interaction 
was not significant (p = .636), implying that the affirmation effects were not 
unique to nationalities of subjects and opponents. 


TABLE 8. Strategic trust by NIA and opponent 


nationality 

Strategic Trust Coef (SE) 

NIA .025* 
(.013) 

Opponent (Japanese) -.010 

(Chinese) (.017) 

-.074"* 
(.015) 

Constant 414 

N 857 

R? .040 


Note: Linear regression, robust standard errors in parentheses. ** 
Indicates statistical significance at the 1 percent level, * significant at 
the 5 percent level, t significant at the 10 percent level. 
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TABLE 9. Test of strategic trust with NIA and opponent 
nationality interaction 


Strategic Trust Coef (SE) 
NIA 045 
(.024) 
Subject Nationality (Japan) .027 
(.017) 
(China) 0557" 
(.019) 
Opponent (Japanese) 017 
(.026) 
(Chinese) -.031 
(.025) 
NIA X Opponent (NIA X Japanese) —.024 
(.034) 
(NIA X Chinese) —.032 
(.031) 
Constant .366 
N 857 
R? .050 


Note: Linear regression, robust standard errors in parentheses. 
** Indicates statistical significance at the 1 percent level, * significant at 
the 5 percent level, + significant at the 10 percent level. 


Model of Strategic Trust with Commonness Variables 


Affirmed individuals reported higher levels of strategic trust. That is, 
affirmed subjects gave more tokens to their opponents compared to non- 
affirmed subjects. I estimated a two-step Heckman selection model on 
the whole sample of 1,046 respondents, using the number of tokens as 
a dependent variable representing strategic trust. The second step of the 
selection model is an OLS regression. The results are presented in table 
10. As I did with moralistic trust, in this model I include the commonness 
variables to see if they had a positive effect on strategic trust. Again, none 
of commonness variables boosted trust. Table 11 then estimates the model 
again while controlling for nationalities of the subjects and opponents in 
the game. The findings in table 11 reinforce my findings once again that 
NIA encourages strategic trust across people from rival countries, confirm- 
ing my hypotheses. 

The section following table 11 provides a more detailed discussion of 
the results on both measures of trust. 

I estimated the same selection model again, this time controlling for 
nationality of subjects and opponents. Again, the model censored the 
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TABLE 10. Selection model on strategic trust with commonality variables 


Probit, Selection 


OLS Equation 
Strategic Trust Coef (SE) Coef (SE) 
NIA .036* 083 
(.014) (.087) 
Attachment to Asia (not much attachment) —.027 :025 
(.030) (.174) 
(some attachment) 005 136 
(.030) (.178) 
(strong attachment) 022 .467* 
(.036) (.213) 
EU (somewhat disagree) .050* .285* 
(023) (131) 
(somewhat agree) .034 .202 
(024) (.137) 
(totally agree) 022 —.086 
(.037) (.204) 
Common (somewhat disagree) 042 200 
understanding (.066) (.400) 
of history (somewhat agree) 101 .002 
(.062) (368) 
(totally agree) 1L19F -.135 
(.062) (.370) 
Lived Abroad —.287** 
(096) 
Constant 207** .932* 
(.066) (.376) 
Rho .890** 
(032) 
Sigma 222% 
(.007) 
Lambda .199** 
(012) 
Log pseudo likelihood -244 
No. of obs 1046 
Censored obs 189 
Uncensored obs 857 


Note: Selection model, standard errors in parentheses. ** Indicates statistical significance at the 1 percent 
level, * significant at the 5 percent level, + significant at the 10 percent level. 


minority group and conducted an OLS regression on the uncensored 
observations. Again, when controlling for the countries that participants 
were from and the countries their strategic trust was measured about, NIA 
had a positive and significant effect in increasing trust. In this model as 
well, none of the commonality variables had such an effect. 

The subjects who gave the most tokens to their opponents, regardless 


TABLE 11. Selection model on strategic trust with commonality variables and 


controls 
Probit, Selection 
OLS Equation 
Strategic Trust Coef (SE) Coef (SE) 
NIA 027+} 057 
(.014) (.087) 
Attachment to Asia (not much attachment) —.027 .052 
(.029) (.173) 
(some attachment) 005 136 
(.030) (.178) 
(strong attachment) 004 442* 
(.036) (219) 
EU (somewhat disagree) 043 F 2/12" 
(.023) (131) 
(somewhat agree) .029 .190 
(.024) (.137) 
(totally agree) .030 —.043 
(.037) (.204) 
Common (somewhat disagree) .042 234 
understanding of (.066) (.396) 
history (somewhat agree) 101 .033 
(.062) (361) 
(totally agree) .112ł —.114 
(.062) (362) 
Subject Nationality (Japan) .045* .036 
(019) (123) 
(China) .075** .290* 
(022) (140) 
Opponent (Japanese) .009 .062 
(022) (136) 
(Chinese) —.019 .254* 
(.020) (123) 
Lived Abroad —.168t 
(100) 
Constant 159% .544 
(.069) (.385) 
Rho .904** 
(031) 
Sigma .220** 
(.007) 
Lambda .199** 
(012) 
Log pseudo likelihood -224 
No. of obs 1046 
Censored obs 189 
Uncensored obs 857 


Note: Selection model, standard errors in parentheses. ** Indicates statistical significance at the 1 percent 
level, * significant at the 5 percent level, + significant at the 10 percent level. 
"The p-value for the NIA variable is .05. 
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of the nationality of their opponents, came in the order of Chinese, Japa- 
nese, South Korean. The nationality of opponents (not taking into regard 
the nationality of the subjects) was not significant in the model, but by 
comparison, Japanese opponents were most trusted, then South Koreans, 
then Chinese. Chinese were therefore the most trusting nation, but at the 
same time the least trusted by other nationalities. South Koreans were the 
group that gave the least tokens to their opponents, thus least trusting, and 
came in second place after the Japanese when it came to how trusted they 
were. Japanese subjects came second in terms of how trusting they were, 
but were most trusted by other nationalities. This is an interesting point 
considering that in modern history of the three countries, Japan was the 
inflictor country, whereas Korea and a part of China (Manchuria) were 
colonies of Japan. There could be a number of reasons as to why these 
results came about in my study. First, as was inferred from the tests on 
moralistic data, it could be that a rapidly rising China today poses the most 
salient threat to neighbor states in the region. The commonly mentioned 
ambiguity of China’s intentions (Goldstein 2013; Ikenberry 2008; Ross 
2009; Suzuki 2008) mixed signals on the revisionist or status-quo nature of 
China’s rise, and the sense of threat and insecurity provided by such per- 
ceptions of uncertainty may have reduced China to a less trustworthy actor. 

Alternatively, due to the fact that measurement of strategic trust was 
based on a setting of monetary exchange, it is possible that how subjects 
perceived the general infrastructure of the other country, and the image 
they had of how credible and committed the people of the other country 
might be in investment and business, had an effect. Also, while distrust of 
Japan in the South Korean and Chinese publics is undoubtedly low (as 
illustrated in the earlier chapters), the behavior of my sample of under- 
graduate students could reflect a generational difference. Younger people 
who have more access to and enjoy the consumption of Japanese culture 
might feel more open to and comfortable in trusting Japanese opponents 
in situations of monetary exchange. 

Besides statistical significance, the substantive size of the effect of affir- 
mation is roughly 2 percent of the range of the dependent variable for 
moralistic trust, and 3 percent for strategic trust. At first glance, this might 
seem like a slim quantity. However, it is key to note here that NIA was 
found to have a significant and positive effect for both measures of trust, 
significantly departing from the equilibrium, especially in a setting where 
participants were asked about countries they shared a turbulent history of 
conflict and colonialism with. 

I measure the first move of trust with the expectation that a player and 
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her/his opponent will engage in repeated interactions in the future, where 
there will come repeated opportunities for cooperation and thus mutual 
gain. The mutual gain is amplified as a result of the player and her/his 
opponent’s trust in working together. Since the first move is the hardest 
to initiate, any trust value larger than o, which departs from the “rational” 
equilibrium, becomes all the more meaningful and interesting, especially 
in this setting where one is matched with a past adversary rampant with 
distrust in relations with one’s country. 

In addition, since the economic equilibrium of o trust and o trustwor- 
thiness is not based in cases of interaction between adversarial actors, the 
mere push beyond o to a positive number associated with affirmation is 
certainly worth highlighting. That is, the motivation for the proposer to 
send no tokens in the first place is not based on negative images of the 
responder but on the motivation to ensure that one doesn’t end up with the 
sucker payoff. So the finding that proposers and receivers from countries 
suffering from severe distrust and an ugly history of war and colonization 
were able to invest more of their own resources in each other in a trust 
game is striking. It is possible that reciprocated games, or investment and 
return in larger quantities, may follow after this first nudge toward coop- 
eration. These findings have implications for policies of cooperation and 
reconciliation between Northeast Asian states and elsewhere. The implica- 
tions of my experimental findings for policy, public opinion, and reconcili- 
ation are discussed in more detail in the concluding chapter of this book. 


4.3 Conclusion 


The conventional wisdom on group identity and conflict is that the exist- 
ing group identities are negative for trust. Because of this, even a slight 
positive finding refutes those existing notions of identity and group con- 
flict. Therefore, for purposes of this study, it is worth focusing on the direc- 
tion of affirmation effects rather than exact magnitude (of precisely how 
many more tokens affirmation can encourage participants to exchange, for 
example). The fact that NIA can boost trust between past adversaries into 
a positive direction implies that with additional insight in future research 
and policy measures, an amplification of the magnitude is also possible. In 
particular, in the trust game, since participants are in a difficult situation 
where they are paired with an unknown opponent who is a member of a 
past adversary country, any finding that departs from the subgame perfect 
equilibrium of zero becomes an interesting and unexpected finding. 
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How generalizable and applicable are my results to real world inter- 
national politics? Some caveats to the possible policy connections of my 
experiment are equivalent to key points in general debates on the validity 
of experimental political science. One common critique hints at the artifi- 
ciality of lab environments." Aronson et al. (1990) nonetheless explain that 
lab experiments are not necessarily limited in generalizability compared to 
field experiments. In fact, labs offer scholars tighter control over the treat- 
ment and experiment overall, making them a preferred option for those 
focusing on the internal validity and performance of their models. Aronson 
et al. (1990) also note that “bringing the research out of the laboratory 
does not necessarily make it more generalizable or ‘true’; it simply makes 
it different. |... ] The generalizability of any research finding is limited.” 

Experts on lab experiments have responded in such ways against criti- 
cisms about the validity and reliability of the method. Besides these points, 
my experiments hold the additional strength that they were lab experiments 
conducted in the field. As the key variable of interest in my experiment, 
NIA, was performed through an experimental manipulation that evoked 
national identity, it was particularly crucial that the subjects in my sample 
held deeply engrained national identities into which they were sufficiently 
socialized. So fielding the experiment was essential. This could also give us 
hints as to why those who had prolonged experience of living overseas had 
tendencies of selecting themselves into a particular subgroup in the sample. 
It can be expected that the experience of living in another country for lon- 
ger periods of time had some particular effect on the subjects’ strength 
of national identity or broadened its concept. For those subjects, national 
identity and affirmation of it could have meant different things than to 
those who had only been socialized into their national identities growing 
up in their home countries. 

Nonetheless, while utilizing a sample with deeply engrained national 
identities socialized from their home countries may hold greater implica- 
tions for the applicability of this study to the real countries, extensions of 
the experiment can deliver further promise into the external validity of 
NIA theory. For this reason, in chapter 5 I utilize tests conducted on a sam- 
ple that is representative by age and gender. Chapter 6 further escapes the 
artificiality of lab experiments with surveys conducted on a larger sample. 
Then I perform additional analyses based on the initial experimental find- 
ings. In chapters 7 and 8, I discuss results from my analyses of real, unre- 
solved policy issues between the countries. Chapter 9 further strengthens 
the feasibility of NIA in actual politics and foreign policy through a discus- 
sion of historical cases. 


FIVE 


National Identity and Guilt Recognition 


Experiments in Japan 


“We must not let our children, grandchildren, and even further 
generations to come, who have nothing to do with the war, be 
predestined to apologize.” 


—Japanese Prime Minister Shinzo Abe, in his message 
commemorating the seventieth anniversary of the end 
of World War Il, August 14, 2015 


Experts highlight strong national identities in the public as obstacles to 
reconciliation between countries. In this chapter, I turn this conventional 
perception around to propose a way to increase guilt recognition through 
a reinforcement of national identities. In field experiments conducted with 
a sample of 1,597 Japanese citizens, I find that people come to admit higher 
levels of guilt for either their own or in-group members’ actions after they 
are reminded of the worthiness of their national identity. This effect is 
inward looking in that it does not entail specific comparison with an out- 
group. In addition, I examine the mechanism that connects identity affir- 
mation and acknowledgment of guilt in the game, to find that this occurs 
through an increased awareness and concern for others, or “prosocial” 
tendencies. 

Just as with our examination of trust in the previous chapter, the assump- 
tion of my analysis on guilt in this chapter significantly departs from ratio- 
nalist expectations of behavior predicted by traditional economists. The 
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equilibrium of human behavior according to rational choice theory would 
be to report no guilt at all, across any strategic conditions. If humans are 
hardwired to be intrinsically self-interested by nature, then it would make 
little sense to acknowledge guilt for maximally acquiring what is available 
on the table for them to take. 

The rational choice model of decision-making has been astoundingly 
resilient due to its quantifiability and permeation in modern policy as well 
as economic and political processes, although often at a cost of lacking 
relationship to reality. Recently, however, research across multiple disci- 
plines has advanced with regard to important determinants of decision- 
making in addition to the rational choice framework. Behavioral theories 
have attempted to deepen understanding of the links between other cog- 
nitive processes that affect decision-making, producing political behavior 
that diverges from the predicted rationalist equilibria. In fact, various stud- 
ies find that many individuals care not only about gain for themselves in a 
“proself” way of behavior typically assumed in a game-theoretic model but 
also show that people have concern for fairness and reciprocity to others 
(i.e., “prosocial” behavior) (Kertzer and Rathbun 2015). 

However, many of these studies remain disconnected and underspecify 
how and under which conditions psychological variables like values and 
identity relate to prosociality to affect moral perceptions of guilt, justice, 
or reciprocity. In addition, research on the motives identified to underlie 
reciprocal or fair behavior has been mixed. In the field of international 
relations, for example, there is a body of literature on reciprocity and 
mixed-motive cooperation; however, it largely assumes egoistic motiva- 
tions rather than prosocial ones (Axelrod 1984; Keohane 1984). 

The study in this chapter attempts a contribution in filling this research 
gap, by integrating interdisciplinary insights to develop a model of guilt 
in international relations that has larger explanatory power than rational 
choice. I aim to investigate the dynamic interaction and interdependence 
between different levels of identity—national, regional, and self—and 
willingness to contribute one’s own resources to make up for a situation 
where one’s actions have negatively affected the well-being of an out-group 
member. In the last stage of the study I investigate whether such prosocial 
concerns are extended to the actual historical context of Asian countries, 
strengthening the policy relevance and external validity of my experiments. 


Guilt in Conflict Resolution 


Guilt is an emotion people feel when the self is perceived as being respon- 
sible for violating a moral standard (Baumeister, Stillwell, and Heatherton 
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1994). Beyond the individual level, people are able to experience guilt on 
behalf of their group (Smith 2014). Guilt at the level of a group identity, 
which is also referred to as group-based or collective guilt, can be experi- 
enced when people feel a sense of in-group membership in the group they 
perceive as having committed wrongs against another group (Branscombe 
and Miron 2004). 

However, reluctance to admit group-based guilt is commonly found in 
postconflict areas where parties have not successfully reconciled (Roccas, 
Klar, and Liviatan 2006). On the side of those accused as inflictors, admit- 
ting in-group wrongdoing can present challenges to a positive image of 
the group or be damaging to group self-esteem (Branscombe and Wann 
1994; Paez and Liu 2011; Strelan 2007). In particular, regarding actions 
that occurred decades ago, current generations in the inflictor group may 
resist taking responsibility simply by association with the group (Wohl, 
Branscombe, and Klar 2006). 

How and when, then, do people admit guilt in international interac- 
tions, namely for past deeds committed by an in-group? To investigate 
this question I conducted a survey-based experiment, measuring guilt in 
both a simulated game, where Japanese participants were told they were 
matched with a South Korean or Chinese participant, and through ques- 
tions directly asking about whether Japan should or should not feel guilty 
about their past interactions with Korea or China. 

I argue that affirming individuals of their national identity can increase 
reports of guilt. The affirmation of identity replenishes people’s sense of 
the worthiness of their national identity, creating a boosting effect that 
elevates one’s own group without putting down the other (Sherman et al. 
2007). This elevation effect releases people from defensive response, allow- 
ing them to more readily admit guilt for past deeds (Steele 1988). I find that 
NIA increases guilt levels in both game settings and also in direct reference 
to Japan’s history with China and Korea. NIA increases concern for oth- 
ers, allowing for prosocial attitudes. I discover that this is the mechanism 
through which NIA works to increase guilt—the other-regarding attitude 
of prosociality, which leads to an openness to admit guilt. 


5.1 Prosociality and Guilt Recognition 


Why might prosociality matter in guilt recognition? In conflictual dyads 
where there is a power asymmetry, recognition of guilt in the public of 
the stronger state requires some concern for fairness. Kertzer and Rath- 
bun (2015) point out that when in positions of strength relative to a coun- 
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terpart, prosocials are more dedicated to fairness and equality. Because 
a common response to demands from an out-group for penitence is to 
defensively protect the in-group, a psychological trigger to release people 
from this defensive reaction can activate prosocial tendencies, leading to 
increased penitence. 

Previous research has examined various ways in which prosocial atti- 
tudes matter in international relations. For example, the existence of pro- 
social people in negotiations and foreign policy increases likeliness for 
bargaining parties to reach fair agreements (Kertzer and Rathbun 2015). 
The positive effect of the prosocials shines most, in particular, when they 
are in positions of strength. Since prosocials are more committed to equal- 
ity and motivated by concern for others than proselfs, they do not exploit 
their greater bargaining leverage. The result is a greater preference for 
fair agreements, regardless of power differences. Therefore the presence 
of prosocials in a dyad makes bargaining failure less likely. This has impli- 
cations for policy decisions like the extent of reparation between states, 
where countries would strive to find a comfortable midpoint for both sides 
to settle on. 

I suggest that prosociality induced by NIA can boost guilt recognition 
in both game settings and when Japanese subjects are asked directly about 
their guilt levels in a historical context. I summarize my model here (see 
fig. 13). 

I include two ways of measuring guilt in this study. My first measure is 
a behaviorally revealed guilt in an abstract game setting, and the second 
measure is a declared guilt, measured with survey questions about guilt. 
Some of the latter questions expand beyond guilt in a game setting, asking 
about Japanese participants’ guilt regarding the actual historical context of 
Northeast Asian countries. 

There is good theoretical reason to include measures of declared and 
revealed guilt. People have a subjective perception of whether they should 
pay responsibility toward past action or not, but this might not coincide 
with their revealed preferences. In answering a series of questions on guilt, 
participants are essentially summing up their subjective evaluation of how 
guilty they should feel toward another country. This subjective measure 
may or may not hold in actual encounters when members from the coun- 
tries strategically interact with one another, especially when there are stakes 
of gain or loss at hand. Therefore it is helpful to have a subjective measure 
and a behavioral measure. While survey answers provide primary evidence 
of guilt, they do not capture behaviors. In my experimental games, subjects 
exchange money (represented by virtual points) through the Internet. 
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Figure 13. Model of NIA and guilt recognition. Source: Eunbin Chung 


In the following secicher Ressourcen die 
Regenerationsfähigkeit der Erde heute um ca. das 1,6-fache. Der von Andrew Simms 
initiierte Earth Overshoot Day (Welterschöpfungstag), also der Tag im Jahr, an dem 
die Menschheit so viele Ressourcen verbraucht hat, wie die Erde in einem Jahr erneu- 
ern kann, war 2019 bereits am 29. Juli erreicht (Simms, 2019). Der Zeitpunkt ist abseh- 
bar, an dem zwei Erden benötigt würden, um den jährlichen Ressourcenverbrauch zu 
kompensieren. Nachdenklich sollte stimmen, dass trotz des auf allen Politikfeldern 
gestiegenen Bewusstseins für einen nachhaltigen Umgang mit unseren Ressourcen 
und trotz der in fünf Jahrzehnten entwickelten und implementierten Instrumente, 
globalen Institutionen und neuen Technologien sich der Trend zur irreversiblen Zer- 
störung unserer natürlichen Grundlagen weiter fortsetzt. Es ist kaum vorstellbar, dass 
wir das Problem umfassend begriffen haben, wenn wir z.B. versuchen, die Anzahl 
von Fahrzeugen mit Verbrennungsmotoren durch Fahrzeuge mit klimaneutralen An- 
trieben zu ersetzen, ohne die Anzahl, das Gewicht und den Materialverbrauch von 
Fahrzeugen drastisch zu senken bzw. den gesamten Herstellungs- und Nutzungspro- 
zess inklusive der für Mobilität notwendigen Infrastruktur klimaneutral und sozial 
gerecht zu gestalten — und zwar global (Euler, 2019). Wenn wir unsere Wirtschafts- 
weise also nicht nachhaltig ändern, werden wir eines Tages erleben, „dass alles ausei- 
nandergefallen sein wird und niemand wird genau wissen warum. Aber die Antwort 
wird sein: „It was the economy, stupid“ (Simms, 2019). 

Die UN-Programme zur nachhaltigen Entwicklung — etwa die Gründung der 
Weltkommission für Umwelt und Entwicklung (1983), die Agenda 21 (Rio, 1992), Mil- 
lennium Development Goals (2000), Sustainable Development Goals (2016) — sowie 
insbesondere zum Klimaschutz waren und sind das Kyoto Protokoll von 1997 und das 
Pariser Klimaschutzabkommen von 2015 als wichtige Wegmarken, um Prozesse zur 
Erhaltung des Friedens und der Lebensgrundlagen anzustoßen. Eine nachhaltige 
Trendumkehr ist indes noch nicht eingetreten. 
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31 Von der Umweltbildung zur Berufsbildung für eine nachhaltige 
Entwicklung 

Verbindliche Ausbildungsstandards zu den Themen Umweltschutz und Nachhaltig- 

keit wurden berufsübergreifend ab den 1980er-Jahren in die Verordnungspraxis auf- 

genommen. Zuvor gab es alle Ausbildungsberufe betreffende Lernziele nur in den 

Bereichen Arbeitsschutz und Unfallverhütung. 

Die in den 1970er-Jahren verstärkt geführte Debatte um den Schutz der Umwelt 
und die Bewahrung der natürlichen Ressourcen führte im Zusammenhang mit der 
1973 durch die erste Ölpreiskrise ausgelöste schwere Rezession in den westlichen In- 
dustrieländern dazu, das Thema der rationellen Energieverwendung in den allgemei- 
nen und beruflichen Bildungskanon aufzunehmen. 

Im Mai 1980 wurde der Generalsekretär des Bundesinstituts für Berufsbildung 
beauftragt, 


„darauf hinzuwirken, dass bei der Erarbeitung von Ausbildungsordnungen berufsspezifi- 
sche Lernziele zur Energieeinsparung formuliert und in die Ausbildungsordnungen auf- 
genommen werden. Darüber hinaus soll die Möglichkeit geprüft werden, berufsübergrei- 
fende Fertigkeiten und Kenntnisse im Hinblick aufrationelle Energieverwendung in allen 
Ausbildungsordnungen zu berücksichtigen“ (BIBB, HA 55 1980, S. 1). 


In der Folge werden bei Neuordnungen von Ausbildungsberufen häufig die Themen 
Arbeits-, Gesundheits- und Umweltschutz zusammen mit rationeller Energieverwen- 
dung in einer Berufsbildposition zusammengefasst. Der erste „Umweltschutzberuf“, 
der 1984 neu entwickelte Ausbildungsberuf „Ver- und Entsorger:in“ mit den drei Fach- 
richtungen Wasserversorgung, Abwasser und Abfall, beinhaltet die Berufsbildposi- 
tion „Arbeitsschutz, Unfallverhütung, Gesundheitsschutz, Arbeitshygiene, Umwelt- 
schutz und rationelle Energieverwendung“. Darin finden sich u.a. drei umweltbezo- 
gene Lernziele, die auch in anderen Ausbildungsordnungen zu finden sind: 
e Berufsbezogene mögliche Ursachen der Umweltbelastung nennen, Maßnah- 
men zu ihrer Vermeidung ergreifen, 
e Maßnahmen zur Behandlung von Abfällen nennen und unter Beachtung be- 
trieblicher und sonstiger berufsbezogener Sicherheitsbestimmungen ergreifen, 
e die im Ausbildungsbetrieb verwendeten Energiearten nennen und Möglichkei- 
ten rationeller Energieverwendung im beruflichen Einwirkungs- und Beobach- 
tungsbereich anführen. 


Die Bezeichnung der Berufsbildposition(en) sowie die Ausformulierung der einzel- 
nen umweltbezogenen Lernziele in den Ausbildungsordnungen variiert zunächst 
zwischen den einzelnen Berufen. In vielen technisch-gewerblichen Berufen gibt es 
die Position „Arbeitsschutz, Unfallverhütung, Umweltschutz und rationelle Energie- 
verwendung“ mit unterschiedlichen berufsbezogenen Ausprägungen. In den kauf- 
männischen Ausbildungsberufen scheint in den 1980er-Jahren die „rationelle Ener- 
gieverwendung“ zunächst noch keine Rolle zu spielen. 
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In einer Empfehlung aus dem Jahre 1988 unterstreicht der BIBB-Hauptaus- 
schuss die Notwendigkeit der ,Aufnahme berufsbezogener umweltschutzrelevanter 
Berufsbildungsinhalte und Prüfungsanforderungen in neue und zu überarbeitende 
Aus- und Fortbildungsordnungen“. Darüber hinaus wird das „Erstellen umwelt- 
schutzrelevanter Unterlagen für die Berufsbildungspraxis“, die entsprechende „Fort- 
bildung des Berufsbildungspersonals“, die Intensivierung der Forschung zu Fragen 
des Umweltschutzes in der beruflichen Bildung sowie eine Kooperation der Lernorte 
bei der „Vermittlung umweltschutzrelevanter Bildungsinhalte“ empfohlen (HA 73, 
1988, S. 2 f.). Diese Empfehlungen werden 1991 ergänzt durch die Aufnahme des Um- 
weltschutzes als eigenständiger neuer Eckwert, der bei der Entwicklung oder Überar- 
beitung von Ausbildungsberufen zu berücksichtigen ist. Ebenso soll der Katalog der 
fachlichen Fähigkeiten und Fertigkeiten des jeweiligen Berufs um integrativ zu ver- 
mittelnde Umweltschutz-Qualifikationen erweitert werden (HA 82, 1991, S.1). Mit 
dem Fokus auf das Ausbildungspersonal findet das Thema der Förderung umweltbe- 
wussten Verhaltens in der Ausbildung ab 1992 Eingang in den Rahmenstoffplan zur 
Vorbereitung auf die Ausbildereignungsprüfung. 

Die Rahmenlehrpläne für den berufsschulischen Teil der Ausbildung orientieren 
sich einerseits an den in der Ausbildungsordnung festgelegten Anforderungen zum 
Umweltschutz. Darüber hinaus gehört es seit der 1991 von der Kultusministerkonfe- 
renz beschlossenen Rahmenvereinbarung über die Berufsschule zum Bildungsauf- 
trag der Berufsschule 


„eine berufliche Grund- und Fachbildung mit einer Erweiterung der allgemeinen Bildung 
als Bestandteil einer beruflichen Gesamtqualifikation zu vermitteln. Damit will die Be- 
rufsschule zur Erfüllung der Aufgaben im Beruf sowie zur Mitgestaltung der Arbeitswelt 
und Gesellschaft in sozialer und ökologischer Verantwortung befähigen“ (KMK, 2000, 
S.3). 


Zur Erreichung dieser Ziele will die Berufsschule u.a. „auf die mit Berufsausübung 
und privater Lebensführung verbundenen Umweltbedrohungen und Unfallgefahren 
hinweisen und Möglichkeiten zu ihrer Vermeidung bzw. Verminderung aufzeigen“ 
(ebd., 8). 

Ab den 2000er-Jahren erweitert sich die Perspektive von einer stofflich orientier- 
ten, auf rationelle Energieverwendung ausgerichteten Umweltbildung hin zu einer die 
„drei Säulen“ Ökonomie, Ökologie und soziale Gerechtigkeit integrierenden, nach- 
haltigen Betrachtungsweise. Auch die Berufsbildung vollzieht im neuen Millennium 
einen Schwenk „von der beruflichen Umweltbildung zur Berufsbildung für eine 
nachhaltige Entwicklung“ (Kutt, 2001). In dessen Folge richtet das BiBB ab 2001 den 
Arbeitsschwerpunkt „Berufsbildung für eine nachhaltige Entwicklung“ (BBNE) ein, 
Ausgangspunkt für eine Reihe von Modellversuchen und Fachtagungen (Diettrich, 
Hahne & Winzier,2007). 
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4 Verabschiedung und Begründung der neuen 
Standardberufsbildposition 


Wie oben verdeutlicht, trug bislang in den Verordnungen lediglich eine der Standard- 
berufsbildpositionen die Bezeichnung „Umweltschutz“. Vereinzelt wurde darüber hi- 
naus in einigen Ausbildungsberufen in anderen Positionen des Berufsbildes auf das 
Thema Nachhaltigkeit Bezug genommen, bspw. in der Position „wirtschaftliches und 
nachhaltiges Denken“ im Ausbildungsberuf Kaufleute für Büromanagement (VO 
KfBM, 2013)!. Die Vorbereitung der verbindlichen Verordnung von Zielen zur Nach- 
haltigkeit erfolgte in einer „Arbeitsgruppe des BIBB-Hauptausschusses zur Moderni- 
sierung der Standardberufsbildposition“. Am 17, November 2020 empfahl schließlich 
der BIBB-Hauptausschuss in seiner Empfehlung 172 („Anwendung der Standard- 
berufsbildpositionen in der Ausbildungspraxis“) die verbindliche Nutzung der nach- 
folgenden Standardberufsbildpositionen in jedem Neuordnungsverfahren. Die in der 
AG des Hauptausschusses diskutierte Möglichkeit, die Anwendung für alle bestehen- 
den Berufe zu verordnen, wurde nicht realisiert. Stattdessen appelliert der Hauptaus- 
schuss, die Standardberufsbildpositionen auch jetzt schon in der Ausbildung sämt- 
licher Ausbildungsberufe „[...] zu vermitteln, auch wenn sie noch nicht in allen 
Ausbildungsordnungen enthalten sind“ (BiBB, HA 172, S.1). Unklar ist, welche kon- 
kreten Auswirkungen sich aus den neuen Positionen für den Unterricht an beruf- 
lichen Schulen ergeben. Um die Wirkung in der Umsetzungspraxis zu unterstützen, 
wurden parallel Empfehlungen für die Umsetzung verabschiedet (BIBB, HA 172 Er- 
läuterungen, 2020) und zwischen allen beteiligten Akteuren wurde verabredet, die 
Umsetzung der neuen Standards durch öffentlichkeitswirksame Kampagnen zu för- 
dern. 

In der Begründung für die Empfehlung wird auf den Bildungsauftrag der Berufs- 
bildung und den aktuellen Wandel und auf eine Empfehlung des Hauptausschusses 
von 1974 (BIBB, HA 28) Bezug genommen, die nach wie vor aktuell erscheint: „Bei der 
Anerkennung bzw. Aufhebung eines Ausbildungsberufes sind bildungspolitische, 
wirtschafts- und arbeitsmarktpolitische sowie berufspädagogische Gesichtspunkte zu 
berücksichtigen“. Auch sind „der Erwerb von Befähigung zum selbständigen Denken 
und Handeln bei der Anwendung von Fertigkeiten und Kenntnissen“ Ziel einer aner- 
kannten Berufsausbildung sowie „die Anlage auf dauerhafte, vom Lebensalter un- 
abhängige berufliche Tätigkeit“ zu fördern (ebd.). Die Standardberufsbildpositionen 
leisteten damit 


„einen wichtigen Beitrag zur Förderung von demokratischen Kompetenzen in unserer 
Gesellschaft, indem sie auf die Eigenverantwortung des Einzelnen am Arbeitsplatz im 
Sinne von Rechten, Pflichten sowie die Bedeutung von Prävention und Weiterbildung 
hinweisen. Des Weiteren definieren sie Mindestanforderungen an die nachhaltige Gestal- 
tung des Arbeitslebens und die Tätigkeit in einer digitalisierten Arbeitswelt.“ (ebd., 1). 


1 Zur Illustration der vorherigen Situation wird auf die Formulierungen in dem aktuell größten Ausbildungsberuf der Kauf- 
leute für Buromanagement von 2013 zurückgegriffen. Ein Einblick in dessen Entwicklung liefert der Artikel von Elsner und 
Kaiser von 2013. Ähnliche Implementierungsansätze finden sich auch beim Beruf der Gebäudereinigung von 2019. 
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Damit werden Begriindungen herangezogen, die sich auch im aktuellen Diskurs in 
der Sektion der Berufs- und Wirtschaftspadagogik um die Bedeutung einer kritisch- 
emanzipatorischen Berufsbildung wiederfinden (Kaiser & Ketschau, 2019; Kutscha, 
2019), die sich gegen eine Engführung auf die Erzeugung wirtschaftlich verwertbarer 
Fähigkeiten, Fertigkeiten und Kenntnisse richten (Büchter, 2019). 


41 Die Standardberufsbildpositionen von 2020 
Durch die Neuformulierung der Standardberufsbildpositionen erlangen die Ziele der 
Nachhaltigkeit eine deutlich prominentere Stellung, denn Nachhaltigkeit wird neben 
der ebenfalls neu eingeführten Position „Digitalisierte Arbeitswelt“ als eine der vier 
Standardberufsbildpositionen sichtbar: 

1. Organisation des Ausbildungsbetriebes, Berufsbildung sowie Arbeits- und Tarif- 

recht; 

2. Sicherheit und Gesundheit bei der Arbeit; 
. Umweltschutz und Nachhaltigkeit; 
4. Digitalisierte Arbeitswelt. 


Ww 


Auch wenn es sicherlich reizvoll ware, auf die Interdependenz dieser vier Positionen 
einzugehen und die Veranderungen im Einzelnen zu be partially attributed to influence of pH on the anaerobic P 
release (Smolders et al, 1994b). The impact of pH on fermentation process, which can also 
influence the observed PO,/HAc ratio, is not investigated yet. Measured pH was 6.5 in P release 
tank and 7.5 in P selector tank. Lower pH in P-release tank is caused by the addition of acetate 
and by the presence of CO; (produced in glycogen conversion to PHA) in mixed liquor because 
there is no CO; stripping provided. SIMBA 3.2+ does not yet allow for simultaneous simulation of 
different pH values in different units. The other reasons beside influence of pH may be different 
fermentation and hydrolysis rates between these two tanks, and/or possible presence of 
glycogen accumulating non-poly-P bacteria (GAO) in the systems (the latter is discussed in 
section 3.3.5.1). Due to above complications no further attempt to have a better calibration was 
made. 


Although the batch sludge experiments were used for model validation, some were also used for 
model calibration. Based on the results of aerobic and anoxic P uptake batch tests, the 
percentage of denitrifying activity of PAO in this plant was determined to be as high as 8096. 
Therefore, the reduction factor under anoxic conditions D nos was changed from 0.50 to 0.80 to 
fit the ratio of phosphate removed in the aerobic ring to phosphate removed in the anoxic ring. 
After the first iteration, the calibration procedure was repeated in a second loop. It is striking 
that even with the default set of parameters the model predicted the measured parameters of 
the liquid phase throughout the plant reasonably well (the results not shown). This was to a less 
extend true for the observed internal biomass concentrations, especially for the glycogen - 
active biomass ratio (fa) which was extremely high (2 gCOD/gCOD, results not shown) when the 
original value of ka, (1.09 gCOD/gCOD.d) was used. Therefore, in the second loop the glycogen 
formation rate (kay) was changed to 0.15 gCOD/gCOD.d to fit the predicted data to the normal 
values of glycogen (~0.4 gCOD/gCOD). Change in ka, influences fg, which further affects fpp and 
fpha due to back coupling between these parameters in the EBPR model. By decreasing kay, fay is 
reduced, and consequently Xp4o increased (this issue is discussed further in section 3.4.2). Based 
on the simulation results it was judged that no further calibration is needed. The list of 
parameters adjusted in the calibration procedure is given in Table 3.6. 


Table 3.6 List of the model parameters which value was changed in the calibration procedure. 
Parameter Symbol Unit Old value New value 


Maximal fermentation rate Or gCOD/gCOD.d 3.00 1.00 
Reduction factor under anoxic conditions il Nos 0.50 0.80 
Glycogen formation rate Kay gCOD/gCOD.d 1.09 0.15 


3.3.5 Model evaluation 

The model evaluation was based on a check of its capability to well describe (1) the liquid phase 
of the plant flows using static influent data (separate sampling showed that there was no diurnal 
variation in influent concentration), and (2) the sludge properties determined in batch tests. For 
this purpose batch experiments were simulated in SIMBA" (Figure 3.7a-f). 
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Figure 3.7 Concentration of phosp hate (x) acetate (9), ammonia (4), and nitrate (A) in batch tests 
performed with settled activated sludge at temperature of 20°C and pH 7.0+0.1. The model prediction is 
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represented with solid line. The experimental procedure is given schematically for each test. 
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3.3.5.1 Maximal anaerobic phosphate release 

Observed phosphate and acetate concentrations obtained in sludge batch test were in general 
well predicted by the model (Figure 3a). In case of activated sludge from Haarlem the maximal P 
release rate was 6 mgP/gVSS.h. According to model prediction total P release was limited by the 
poly-P content of the biomass. An average observed phosphate/acetate ratio from five repeated 
tests was 0.29+0.04 gP/gCOD, similar to the value observed at the WWTP in P release tank (0.27 
gP/gCOD), but lower than the default value of the model (0.36 gP/gCOD). The similarity between 
the PO;/HAc ratio obtained in batch tests and observed PO,/HAc ratio in the P release tank is 
expected due to the fact that the influence of temperature (in tests 20?C and in the plant 
12.6?C) should have a marginal influence of anaerobic stoichiometry (Brdjanovic et al. 1997a) 
and that in both cases the same, external, acetate source was used. The default 
phosphate/acetate ratio was determined in laboratory tests using enriched EBPR culture 
(Smolders et al, 1994b) and was confirmed in tests with activated sludge from full-scale plants. 
The reason for the comparatively lower PO,/HAc ratio obtained in batch tests may either be the 
influence of the extremely long SRT or that in WWTP Haarlem Waarderpolder glycogen 
accumulating non-poly-P organisms (Cech and Hartman, 1990, 1993; Liu et al., 1994) have 
accumulated due to oversupply of acetate. GAO are capable of anaerobic utilization of organic 
substrates which are converted and stored as PHA, while the energy and reduction equivalents 
are provided by only glycogen degradation without involvement of poly-P. The fact that in all 
four maximal P release batch tests acetate was still utilized even after full poly-P depletion in the 
biomass suggests a significant presence of GAO in the plant (Brdjanovic et al., 1997b). Because 
surplus acetate is available to both PAO and GAO, a competition for substrate, which PAO would 
win under acetate limited conditions, did not take place here. There are three possible ways to 
proceed with this issue in this study: (1) to assume there is no GAO in the system and therefore, 
to lower default PO,/HAc ratio, (2) to believe there is significant presence of GAO and include 
their metabolism in the model, or (3) to assume there is significant presence of GAO in the 
system, do not model their metabolism, retain the default PO,/HAc ratio, and leave this issue for 
further research. The last option was adopted in this work. This resulted in a correct description 
of the PAO population, but the HAc uptake under anaerobic conditions will be underestimated. 
The remaining HAc will be taken up by the heterotrophs to which group the GAO could be 
considered to belong. 


3.3.5.2 Aerobic and anoxic phosphate uptake 

The P uptake tests (Figure 3b and c) showed a very good agreement between predicted and 
observed data after adjustment of glycogen formation rate (kay) in the set of model parameters. 
By comparison of P uptake rate under aerobic and anoxic conditions (2.2 and 1.7 mg P/g VSS.h, 
respectively) the fraction of denitrifying activity of PAOs was estimated to be 8096. 


3.3.5.3 Nitrification 

Nitrification process performance in the batch test (Figure 3d) was not predicted very well by 
the model; observed ammonia conversion to nitrate was approximately 4096 lower than 
predicted. There are two possible reasons for this discrepance: either the amount of nitrifiers 
(XAur) predicted by the model in the plant is too high or nitrification rate in the model is too high 
(or maybe both). To check this assumption two actions were carried out: (1) the decay rate of 
autotrophs (baur) was increased from 0.15 to 0.25 Lid, and (2) maximal growth rate of 
autotrophic biomass (Maut) was reduced from 1 to 0.65 Lid. In both cases, firstly the full-scale 
plant was simulated, then the batch test with the "new" biomass obtained from a full-scale plant 
simulation. Each of these changes made very good fit of predicted data to measured ones in a 
batch test. However, when these new values were fed back into simulation of the treatment 
plant, nitrification was insufficient, and effluent ammonia and nitrate concentrations were not 
predicted well (32 mgNH,-N/L and 1.3 mgNO3-N/L when the bayz was increased, and 25 mgNH,- 
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N/L and 1.7 mgNO3-N/L when the pay; was decreased). Phosphate effluent concentration 
changed only very marginally. Consequently, it was not possible to predict the nitrification 
process in the plant and in the batch test in the same time. The reason for this controversy 
remains unclear. 


3.3.5.4 Denitrification 

The model did not predict well observed concentrations in this test (Figure 3e). Especially it is 
noted that in the denitrification test a very large release of phosphate and a rapid consumption 
of acetate was observed. The model predicts no P release and much less acetate uptake. This 
can for the time being directly be explained by the fact that the model does not take 
simultaneous presence of VFA (acetate) and electron acceptors (in this case nitrate) into 
account. Under denitrifying conditions (as in this test) acetate is taken up and a part of the 
uptake results in P release, but now the TCA cycle instead of glycogen is delivering reduction 
equivalents (Kuba et a/. 1996). In general, simultaneous presence of acetate and nitrate at WWT 
plants does not occur often. Although denitrification in sludge batch test was not described 
satisfactorily, the nitrate concentrations in the treatment plant were predicted well. 


3.3.5.5 Endogenous phosphorus release 

The results of this test (Figure 3f) suggest that the P release in absence of external substrate is 
overestimated by the model. This P release can be the result of: (1) maintenance process as used 
in TUDP model (real endogenous P release) and (2) endogenous processes like decay of 
heterotrophs by which an extra substrate is supplied (concept used in ASM2) leading to P 
release. We suggest that this decay of heterotrophs is overestimated. If endogenous respiration, 
as in ASM3, instead of decay would be used, probably the model and experiments would give 
the same results. Therefore it was decided not to change the parameters to fit this test. 


It can be concluded that these batch tests delivered useful information on how the model 
performs. Some aspects like the maximal anaerobic P release, anoxic and aerobic P uptake were 
well described. Other aspects such as P release under denitrifying conditions and the 
endogenous P release pointed to places where the model could be improved. Finally, the 
nitrification process needed better parameter estimation for correct fitting of full-scale and 
batch experiments. Since the default values however already gave good results in the full-scale 
model we decided to leave the values unchanged. 


3.3.6 Alternative EBPR process configurations 
The validated model was used to evaluate different thre EBPR process schemes (Table 3.7). 


Table 3.7 Comparison between present and alternative process configurations of the WWTP. 


Plant Type of P- Acetate Loading” Comments 
configuration removal addition 

process (m?/d) 
Base case la Side stream 0.84" Total Normal plant operation 
Phostrip 1b Side stream 0.36 Total 
Alternative 2a Main stream 0 25% 
A/O 2b Main stream 0 25% Selector enlarged 
Alternative 3a Main stream 0 25% Extra anaerobic tank added 
Modified UCT 3b Main stream 2.50 25% Extra anaerobic tank added 
Alternative 4 Side stream 0.84 Total Aerated zone reduced by 25% 
BCFS® 


= O_w- 


Estimated acetate dosing rate during sampling period based on the measured acetate concentrations in the P release tank. 
The yearly average acetate dosage rate is 0.53 m°/d (22 L/h) as 70% acetic acid. 
2) Total loading to the plant (included all four lines) was applied in cases of Haarlem 1 and 4, while in cases 2 and 3 only 
loading of one line was applied (see also Figure 3.8). 
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Thereby it was decided to keep the present physical configuration of the WWTP Harlem 
Waarderpolder model scheme (volume of tanks, influent flow rate etc.) the same. The model 
schemes of three alternative EBPR process configurations, namely: (a) A/O, (b) modified UCT and 
(c) BCFS®, are described below. The calibrated model was used to evaluate BCFS® system, while 
in A/O and UCT systems kg, was increased from 0.15 to 0.45 gCOD/gCOD d to compensate for 
comparatively lower SRT (discussed later in detail). A lower SRT has a positive influence on the 
EBPR. Therefore, in those cases where the removal was not optimal the SRT was reduced to a 
value which would also under Dutch winter conditions result in a good nitrification 
(approximately 35 or 15 d aerobic SRT). Simulation results are given in Table 3.8. 


Table 3.8 Comparison of selected operational parameters of present and alternative process 
configurations of WWTP Haarlem Waarderpolder. 


Parameter Unit Base case Alternative Alternative Alternative 
Phostrip A/O Modified UCT BCFS 
la 1b 2a 2b 3a 3b 4 

SRT total day 85 85 34 37 37 37 83 
MLVSS aeration tank mg/L 5,927 5,814 2,595 2,598 2,564 3,043 5,948 
Sludge wasting kg/d 2,979" 2,927? 848? 837? 838? 991? 2,950? 
PO, effluent mgP/L 0.3 0.8 7.5 8.0 2:5 0.7 0.3 
NH, effluent mgN/L 2.4 2.1 3.5 4.5 2.7 3:5 3.1 
NO; effluent mgN/L 5.3 5:9 7.8 2.6 9.3 5.6 5.7 


=e —  — —— 


from the total plant (4 lines) 
2) from one of four identical lines 


3.3.6.1 Alternatives 1a and 1b: A/O system configuration 

The elements concerning side stream EBPR were removed. The rest of the plant remained 
unchanged and was simulated as such (alternative 1a). Since alternative 1a presents, in essence, 
a non-optimized conventional configuration for COD and N removal, the predicted effluent 
quality strongly deteriorated (with P being most affected) in comparison with the present case. 
To achieve better process performance, including biological P removal, an anaerobic tank (larger 
than the already present non-bulking selector) is needed. The design criteria was that the 
acetate (from the thickener) entering this anaerobic tank is fully utilized. By increasing the 
volume of the non-bulking selector from 125 to 1,500 mi, a main stream (A/O) EBPR was 
obtained (alternative 1b) resulting in improved process efficiency. However, predicted effluent 
quality was still less good in comparison with the present case. The plant was simulated with SRT 
of 36 d; an increased SRT leads to even worse P removal efficiency. 


3.3.6.2 Alternatives 2a and 2b: modified UCT system configuration 

In alternative 2a an additional anaerobic P release tank (2,000 m°) was placed before the 
activated sludge unit in a modified UCT process configuration. Internal sludge recirculation- 
influent flow ratio between nitrification and denitrification rings was decreased from 1:13 
(present case and alternative 1) to 1:5 and between denitrification ring and P release tank was 
1:1. Operating sludge age was 37 d. In this alternative, external addition of acetate to P release 
tank was not applied and the predicted effluent quality was similar to that from alternative 1b. 
This is likely because the nitrate concentrations in case 1b are already low. A good effluent 
quality was only achieved after external acetate dosing was introduced (alternative 2b). The 
amount of acetate needed to be added was sevenfold higher in comparison with optimized 
acetate addition in alternative 1b. The increased acetate need was predicted by the theoretical 
evaluation by Smolders et al., 1996 and shows the efficiency of a Phostrip process with respect 
to HAc use. 
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3.3.6.3 Alternative 3a and 3b: BCFS system configuration 

Recently developed system configuration for chemical and biological P removal with in-line "P 
stripping' and off-line precipitation (denoted as BCFS process, Van Loosdrecht et al., 1998) was 
applied. Side stream EBPR was removed, three an-aerobic reactors in series (to simulate a plug- 
flow tank of 2,000 m?) were introduced, followed by an in-line stripper (a baffled zone acting as 
clarifier). Phosphorus that cannot be accumulated by the sludge (and removed via excess sludge) 
is removed by extracting a part (around 2096 of the influent flow) of P-rich supernatant at in-line 
stripper. The amount of extracted flow equals the flow chemically treated in the original 
configuration (present case). After chemical treatment, P-free stream is returned to the 
beginning of the plant. Following in-line stripping, the reminder of the treatment was kept as in 
the present case; operating SRT was 90 d. The effluent quality was good without need for 
external acetate dosing. 


3.4 Discussion 

3.4.1 Influent characterization 

As far as the WWTP Haarlem Waarderpolder is concerned, the Dutch standard procedure for 
wastewater characterization (Roeleveld and Kruit, 1998) proved satisfactory for the model 
construction. This procedure was primarily developed for COD and N removal modeling; in this 
case it was used for COD, N and P modeling. The critical part of this procedure was the 
estimation of the coefficient kgop. The methodology for kgop determination is described 
elsewhere (Roeleveld and Kruit, 1998). This coefficient has a large influence on the 
determination of particulate inert organic matter (Xi) and slowly biodegradable substrate (Xs). 
The model is very sensitive towards change in kgop (and Xj); a relatively small change in kgop 
strongly affects the effluent quality and SRT or sludge concentration, especially in the systems 
with long SRT as it is the case here. The impact of estimated kgop on the calculated SRT for 
WWTP Haarlem Waarderpolder is shown in Figure 3.8. Even only a marginal change in this value 
(for example + 0.01) changes the calculated SRT by 5 d. It is a very important, but also very 
difficult task to have kgop determined at this accuracy. It is therefore expected that the kgop need 
to be adjusted in the model calibration for WWTP with long SRT due to the high sensitivity of the 
model to this parameter and to its relatively rough experimental estimation methodology 
(inaccuracy certainly higher then 0.01). 


fx; + fx, = 1 


a 
o 
[9] 
S 
% 8 
š 9 
= 5 
x £ 
no} 
c 
G 

654-7 SRT = 1356kpop? - 862kgop + 210 L 0.1 

60 J | 0 


| | Lag. l aar laas. | 
0.18 0.19 0.2 0.21 0.2. 0.23 0.24 9 ze 0.26 0.27028 0.29 0.3 
kpop 


Figure 3.8 Influence of estimated kgop on calculated SRT and fraction of X, and Xs of suspended COD. 


102 


Downloaded from http://iwaponline.com/ebooks/book-pdf/868083/wio9781780404660.pdf 


bv quest 


3.4.2 Model calibration 

The concentrations of the soluble components in the liquid phase in the WWTP were predicted 
well even without any calibration. This was true only to a lesser extend when the polymer (PHB, 
glycogen and poly-P) concentrations are concerned. This strongly suggests that the model 
should be calibrated not only on the liquid phase (effluent) concentrations, but also on the 
polymer concentrations. One of three parameters which were changed in the model was the 
glycogen formation rate constant (kay). In the TUDP model kg, directly influences glycogen- 
active biomass ratio (fa). If the value of fg, is incorrectly determined by the model, it will lead to 
inaccurate prediction of the polyphosphate-active biomass ratio (f,,) and poly-hydroxy- 
alkanoate-active biomass ratio (fpha), which may directly affect the prediction of the observed 
rates, such as P uptake rate. To check the influence of change in kg, on predicted aerobic P 
uptake rate (and also anoxic P uptake rate) the WWTP in Haarlem was simulated with three 
different values of kg, (1.09, 0.45 and 0.15 gCOD/gCOD.d). Clearly, a change in kg, strongly 
affects the ratio of storage pools to active biomass (Table 3.9), whereby the values for fyi, 
obtained for the high kg, values are not realistic (Smolders et al., 19953). 


Table 3.9 An example of influence of variation in k, on fraction of storage materials in the biomass (source: 
simulation standard case Haarlem 1). 


ka, (gCOD/g COD.d) 


0.15 0.45 1.09 
Parameter (this study) (van Veldhuizen et al. 1999) (Murnleitner et al. 1997) 
SRT = 84 days SRT = 50 days SRT = 20 days 
fay gCOD/gCOD 0.49 1.10 1.89 
f gP/gCOD 0.18 0.20 0.24 
folia gCOD/gCOD 0.30 0.24 0.18 


The sludge composition from above simulations was used to simulate aerobic and anoxic P 
uptake batch tests. Each batch test simulation was performed again with three different kg, 
values. The results showed that this second variation in kg, constant had no impact on predicted 
P uptake rates. However, a comparison (Figure 3.9) between predictions of batch tests using 
sludge characteristics obtained from the simulation of the treatment plant performance clearly 
indicated the need for a lower ka, 


20 4 
18 Predicted 
] kgyy = 1.09 (Murnleitner et al., 1997) 
16 4 kgty = 0.45 (Van Veldhuizen et al., 1999) 


koly = 0.15 (this study) 


gly 


z 

a, 124 
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+ 

g s| SR 
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41 ° € 
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Figure 3.9 Influence of glycogen formation rate constant on aerobic phosphate uptake. 
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Lower kg, results in a higher formation of the PAO (Xpao), thus comparatively higher P uptake 
rate is predicted at lower ka, This indicates that ka, either strongly depends on SRT or the 
kinetic expression for glycogen in the model is not fully correct. It is interesting to note that in 
the systems with longer SRT (Table 3.9), the kj, needed to be lowered from 1.09 gCOD/gCOD.d 
at 20 d SRT (Murnleitner et al., 1997), to 0.45 at 50 d SRT (Van Veldhuizen et al., 1999) and 0.15 
at 84 d SRT, to obtain a good prediction of aerobic and anoxic P uptake rate. 


3.4.3 Operational aspects 

According to project documentation and plant operational record (Table 3.1), since its expansion 
in 1995, the WWTP Haarlem Waarderpolder has been underloaded. Consequently, this resulted 
in a long SRT of 85 d. When the plant loading would be increased to its full capacity, according to 
the model prediction, the SRT would drop to 54 d with biomass concentration in the activated 
sludge unit of 6 g/L and the plant would still perform well (simulated NO3, NH, and P effluent 
concentrations were 3 mgN/L, 6.4 mgN/L and 0.4 mgP/L, respectively). The plant simulation 
results, as well as the acetate measurements, indicate that only a fraction of acetate, fermented 
in primary thickeners and added to the P selector tank, is utilized in this tank. During normal 
plant operation the thickener supernatant is only introduced into the P selector. During the 
period of sampling this supernatant was delivered in equal proportions to both tanks. The 
additional shift of this flow into P release tank might further reduce the need for external dosing 
of acetate to P release tank. Additionally, the optimization of acetate dosing could bring extra 
benefits in case the hypothesis of presence of significant amount of GAO (see above) in this 
plant is true. If there would be less acetate available, the competition between PAO and GAO for 
substrate would intensify and, eventually, GAO might be washed out from the system. This will 
result in even further reduction in requirements for acetate in a side stream process. Since this 
matter is highly speculative, more detailed research would be needed. Due to low COD/P ratio 
relative poor P removal was obtained in A/O and UCT process. In those systems insufficient 
amount of PAO was produced to take up all phosphate. Larger anaerobic tank or shorter SRT 
would improve such situation. However, latter will certainly negatively affect nitrification 
process. It was shown that the processes with P stripping are more efficient because part of P is 
chemically removed. For the strip processes little COD is needed for EBPR (1096 of main stream 
process, Smolders et al., 1996) leading to an efficient process, allowing a high SRT. This improves 
nitrification and reduces activated sludge production, but also results in chemical sludge 
production. Furthermore, similarly good results were obtained by BCFS process without need for 
HAc addition. 


3.4.4 Practical aspects 

This work is the first case where the validation of a model for combined COD, N and P removal 
was performed on number of batch tests with fresh activated sludge, in an on-site well equipped 
laboratory. Although some batch tests were not well predicted by the model, they were very 
valuable as a source of feedback information used for model calibration. The batch tests also 
yielded useful information which could not be obtained otherwise for this particular plant. If 
planned well and possibly already performed elsewhere, the time spend on their execution can 
be reduced. If the time and the technical conditions allow, it is worthwhile to include them in a 
modeling process of existing WWT plants. Finally there are some practical recommendations 
which may help in modeling tasks such as the one presented in this chapter. For users less 
familiar with SIMBA simulation software it is recommended to first thoroughly study the 
software itself and work-out a couple of examples, prior to undertaking any further work on this 
matter. Good understanding of mathematical models to be used is a must. Once this is done, the 
next steps should be to study in depth project documentation, investigate the present state of 
the plant, and to compare the differences between these planned and actual situation (which 
usually will exist). One should make sure that the most recent and true information is obtained, 
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because it may well happen that due to complexity of the plant some changes occurred which 
are considered not important to the plant employees, but could well be essential for the 
modeling. It is crucial that all flow rates and their fate are known, and that the hydraulic scheme 
is complete and fully correct. In case that a plant consists of two or more parallel lines and only 
one is chosen to be modeled, one should make sure that there is no difference between them, 
or if there is, be aware of them or take this into account, if significant. Once a proper layout and 
hydraulics is obtained influent characterization should be done. Here, it is important to select a 
good characterization protocol, making certain that the required model inputs and the 
parameters determined by a protocol match. One must be certain which data are needed to be 
measured for influent characterization. It is advisable to get a good quality data set routinely 
measured by the staff of the plant. These data should be studied prior to making selection of the 
items and frequency of parameters to be included in, very likely always required, an additional 
sampling program. The design of a sampling program will also be governed by the decision on 
whether static or dynamic influent data will be used for modeling. The sampling program should 
be designed in a way to provide sufficient data for confident influent characterization, model 
calibration and evaluation. Samples should be analyzed as soon as possible, otherwise stored 
immediately and transported and handled properly. A longer period without rain or snow is 
desirable for execution of sampling providing easier working conditions and evaluation of data. 
If data obtained from the plant staff are used, the way how they are analyzed should be known. 
One needs to be sure to choose a period of very normal plant operation. Obtained data from 
sampling program should be worked out and evaluated as soon as possible, while there is still 
possibility to relatively easy repeat some sampling or analyses. Sludge characterization can be 
performed as a part of the sampling program and/or by executing batch experiments using 
preferably fresh sludge from the treatment plant. Care should be taken that the sludge is taken 
from the locations at the treatment plant which best correspond with the purpose of batch test. 
If possible, batch tests should be performed at the treatment plant itself, if not, sludge could be 
transported and stored in a dark and cold place for up to a couple of days. It should be checked 
if there is any difference using fresh and stored sludge. Batch tests should be performed at the 
same temperatures and pH as observed in the process. Once influent and sludge 
characterization is done simulation and calibration steps can be performed (for a 
recommendation concerning this work phase the reader is referred to Henze et al. 1998). The 
time needed for the execution different phases of modeling the plant in Haarlem is given below. 
This time distribution is subject to many factors such as experience and skills of researcher, 
availability, quality and quantity of existing information, configuration, size and complexity of 
the treatment plant, enthusiasm of the local staff, capacity and analytical diversity of the lab, 
availability of equipment for batch experiments, weather conditions etc. Therefore, Figure 3.10 
can be used as indication only. 


Learning SIMBA 
Model scheme 


\ 


Evalution 

20% 

Influent 
characterization 
Model 

simulation & E . : z 

calibration Sludge Figure 3.10 Time (in %) spent on various stages of 

25% characterization 


modeling WWTP Haarlem Waarderpolder. 
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3-5 Conclusions 

The combined ASM No. 2 and TUDP model for COD, N and P removal proved well capable of 
describing the performance of WWTP Haarlem Waarderpolder with adjustment of only three 
parameters of the model. This modeling exercise was not only carried out to gain more 
experience from practical application of the model and to find out where the model should be 
improved, but was also beneficial to better understanding of plant operation and treatment 
processes and to further optimize the plant performance. 
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Figure 3.11 UNESCO-IHE participants undergo training at WWTP Haarlem Waarderpolder (Photo: 
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Annex 3.1 
Influent characterization procedure according to Dutch guidelines (STOWA, 1996) 


Characterization of the organic fractions of the influent 

The total COD in the influent is a sum of the COD of soluble (CODyit inf ) and particulate fractions 
(COD part int ): 

COD 01, inf T COD jun, ing T COD parting (3.1) 
Soluble fraction of the COD consists of following components, 


COD pitt ing = S4 + Sp + S, (3.2) 


while the particulate fraction is represented by: 


COD = X, + Xs + (Xy + Xp4o + Xpga + Xory + Xaur) (3.3) 


partinf — 


For simplicity the contribution of particulate components of the active biomass present in the 
settled sewage and the supernatant of the primary thickeners to the total COD is neglected. For 
the modeling purposes a very low value is assigned to these components (Table 3.4). Therefore 
eq. 3.3 can be written as: 


COD, inp = Xr + Xs (3.4) 


Volatile fatty acids COD is directly measurable organic fraction of the influent COD and is 
presented as S4: 


$4, = COD ras (3.5) 
Readily biodegradable substrate S; was introduced in the ASM1. In ASM2 it is replaced by: 
Sr = Ss- SA (3.6) 


Introducing eq. 3.6 to eq. 3.2, the fermentable, readily biodegradable organic substrates Sp can 
be expressed as: 


Sr = CODmgi is; - (S4 + Sj) (3.7) 


The S, in the influent is not affected by the treatment processes and, therefore, leaves the 
treatment plant with the effluent. This inert fraction can be calculated using the effluent COD 
measured after filtration (COD: ef). The COD ef has to be corrected with a factor 0.9 due to 
some production of S, during the treatment process. For presence of BOD in the effluent the S, is 
further reduced by the factor 1.5 BOD; ef: The factor 1.5 is a conversion factor of BOD, to COD. 


S; =0.9A COD jin, eg - 1.5 BOD 5 ef (3.8) 
Finally, by combining eq.3.7 with eq.3.8, Se can be calculated using directly measurable 
parameters: 

Sr = COD jin, - 0.9 A COD jinn ef +15 BOD ef- Sa (3.9) 
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In ASM1, the slowly biodegradable particulate substrate Xs is given as the difference between 
the biodegradable fraction of COD (BCOD) and the readily biodegradable substrate S;: 


X; = BCOD - Ss (3.10) 


The routine BOD measurements are not recommended to be used for the estimation of the 
BCOD due to the facts that the BOD, measurement underestimates the BCOD, and that the 
BOD.) measurement is not yet reliable enough. The Dutch guidelines recommend the estimation 
of BCOD via determination of the total BOD (BOD,,;) from the BOD measurement by the best fit 
of the BOD-curve to the measured data. The following equation is recommended: 


BOD = BOD, /(1 - e t!) (3.11) 


where kgop is the constant which varies from plant to plant and is in the range 0.15-0.6 d* for 
domestic sewage (Roeleveld and Kruit, submitted). Description of the determination of the kgop 
from the BOD test is given elsewhere (Roeleveld and Kruit, submitted). It is now possible to 
calculate the biodegradable COD from the total BOD taking into account the initial value of 
RBOD will be somewhat higher than the BOD,,; calculated by eq.3.11. This is due to the 
conversion of the fraction of BCOD into an inert fraction during the course of the BOD test. This 
is corrected by the factor Ygop which falls in the range of 0.1-0.2 (Roeleveld and Kruit, 1998). The 
BCOD can be expressed as follows: 


BCOD = BOD; /(1 - Yop) (3.12) 
The Xs can be calculated from eq.3.10 and 3.12: 

Xs = {{BOD, A0 - e )]/(1 - Yzon)} - Ss (3.13) 
Finally, the inert particulate organic material is calculated from the eq.3.4 and eq.3.13: 

X, = COD parting - Xs (3.14) 


The concentration of total suspended solids (Xrss) in the influent is estimated from following 
equation: 


Xrss = 0.85 k COD parting (3.15) 


Characterization of the N and P fractions in the influent 

In ASM2 the nitrogen compounds are for simplicity represented only with its soluble 
components which are directly measurable parameters: ammonium plus ammonia nitrogen plus 
Kjeldahl nitrogen (Suus) and nitrate and nitrite nitrogen (Syo3).The phosphate compounds are 
represented also as soluble phosphorus (Spo4). A small correction has to be made for an eventual 
poly-P fraction (Xpp) in the influent. 
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Annex 3.2 
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Summary of the data collected at the WWTP Haarlem Waarderpolder by the plant staff on 12" April 1997 
(concentration values are obtained from spot samples taken around 10 p.m.). 


Sampling point Parameter 
RAW SEWAGE Q 27,580 m°/d 
Plant influent pH 7.75 
COD ct 495 gCOD/m? 
BODs 190 gBOD;/m 
Kj-N 56 gN/m* 
(NO;*NO;)-N 0.05 gN/m? 
Prot 75 gP/m° 
TSS 220 gTSS/m° 
Load 109,002 P.E. 
SETTLED SEWAGE CoD 265 gCOD/m' 
Biological unit influent BOD; 100 gBOD;/m' 
Kj-N 48 gN/m* 
Potrho 4.7 gP/m* 
Prot 6.7 gP/m° 
TSS 100 gTSS/m° 
ACTIVATED SLUDGE TSS 5,200 mgTSS/m° 
Biological unit effluent SVI 60 mL/g 
Inorganic matter 24 % TSS 
P-SELECTION TANK TSS 860 mgTSS/m° 
Settled sludge Poste 13.3 gP/ m? 
pH 7.5 
P-RELEASE TANK TSS 5,540 mgTSS/m^ 
Settled sludge Potrho 41.2 gP/m° 
pH 6.8 
EFFLUENT pH 8.05 
Secondary settlers effluent COD ect 39 gCOD/m' 
COD, 31 gCcop/m° 
BOD; 4 gBOD;/m' 
Kj-N 5.2 gN/m? 
NHa-N 3.2 gN/m° 
(NOs+NO)-N 8.3 gN/m° 
Nux 13.5 gN/m* 
Prot 2.3 gP/m° 
TSS 7 gTSS/m° 
Load 9,111 P.E. 
OVERALL PLANT EFFICIENCY COD; 92 96 
BODs 98 % 
Kj-N 91 % 
Nice 76 % 
Pist 69 % 
SS 97 % 
Load 92 % 
PLANT LOADING COD tot 13,652 kgCOD/d 
BODs 5.240 kgBOD;/d 
Kj-N 1.544 kgN/d 
Prot 207 kgP/d 
TSS 5,516 kgTSS/d 
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Process configurations schemes of the WWTP Haarlem Waarderpolder 
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Figure 3.12 Activated sludge tank at WWTP Haarlem Waarderpolder with anoxic inner ring and outer 
aerobic ring and overflow to secondary clarifier (Photo: Brdjanovic D.). 


Figure 3.13 Sanitary Engineering specialization studens of UNESCO-IHE exploring the WWTP Haarlem 
Waarderpolder (Photo: Brdjanovic D.). 
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Chapter 4: WWTP Katwoude, the Netherlands 
Development of wastewater 


treatment data verification 
techniques 


Meijer S.C.F., van der Spoel H., Susanti S., Heijnen J. J. and van 
Loosdrecht M.C.M. 


This chapter is based on the paper Meijer S.C.F., van der Spoel H., Susanti S., Heijnen J.J. and van 
Loosdrecht M.C.M. ‘Error diagnostics and data reconciliation for activated sludge modelling using mass 
balances’, (2002). Wat. Sci. Technol. 25(6), 145-156. 


4.1 Introduction 

Activated sludge models strongly rely on the accuracy of collected data and measurements of 
the modelled process. In most wastewater treatment plant (WWTP) modelling studies, the 
accuracy of these data is fully relied upon. Instead, much emphasis is put on calibration of 
kinetic and stoichiometric parameters of the activated sludge model. Other studies 
demonstrated that WWTP models are more sensitive towards operational data than to most 
model parameters. Because measurements are never fully accurate, mass balances never can be 
closed perfectly. In models however, all flows are balanced. In general, fitting models on 
erroneous or unbalanced data, will lead to laborious and unjustified model calibration. 
Therefore, it is essential to check prime data on errors and consistency. 


Gross error detection and data reconciliation techniques for biochemical processes have been 
developed by van der Heijden et al. (1994a,b,c). The method was implemented in the free- 
domain software called Macrobal made by Hellinga et ol (1992). All chemical processes can be 
described by a combination of linear relations based on mass balances (e.g. COD, N, and P). If 
more measurements are available than required to solve the system of equations, the system is 
over determined. For such systems gross errors can be detected by evaluating the balance 
residuals (e). This is done on the basis of a statistical test. When there is no statistical proof for 
gross errors, the data can be balanced in a data reconciliation procedure. Finally, this results in a 
balanced data set without errors and an improved overall accuracy. 


Macrobal was originally designed for balancing elements and conversion rates on a molecular 
level. In this study it was applied on a process level, balancing the mass flows of the full-scale 
WWTP Katwoude, situated in the Netherlands and managed by the Dutch water board 
‘Uitwaterende Sluizen in Hollands Noorderkwartier’. In this chapter it is demonstrated how 
Macrobal can be used for gross error detection and data reconciliation. It is shown how this 
simplifies the model calibration and WWTP simulation. 
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4.2 WWTP Katwoude 


4.2.1 Process description 

The actual capacity of WWTP Katwoude was 86,300 PE (designed capacity 90,000 PE). The plant 
has a completely mixed non-aerated selector (R1; 270 m°), a completely mixed anoxic reactor 
(R2; 1,760 m°) and a 5 meter deep aerated Carrousel® type reactor (R3; 15,840 m’). Originally 
the plant was designed for COD and N removal (Figure 4.1). 


FeSO, 


Internal recirculation 


Qin 
Pin Influent > [Setector] ` 


; AA 
in 
L De Effluent Qer 
Pef 
Xef 
Overflow 
Centrate 


Figure 4.1 Process scheme of WWTP Katwoude. 


However, some enhanced biological phosphorus removal (EBPR) activity was observed. Most 
likely, in summer conditions R1 acted as an anaerobic selection reactor for phosphorus 
accumulating organisms (PAO). Two surface aerators in R3 controlled oxygen on 1.5 and 0.8 
gO,/m° measured on respectively 37, and "ie length of the tank. Dissolved oxygen (DO) 
concentration gradients were measured in the longitude, width and depth of the aerobic reactor 
(data not shown). During the entire year, chemical P precipitation was applied in R3 to assure 
effluent phosphate (PO;-) below 0.5 gP/m?. A natural external recycle from R3 (Oase) supplied 
R2 with nitrate. Qaszx was estimated from the superficial flow velocity in R3 (0.37 m/s) and the 
cross-section of the passage connecting R2 and R3 (5x1.3 m). Four clarifiers are operated in 
pairs (CL: and CL34). According to the plant design, flow distribution works FD, divided Og in 
favour of CL3, with a distribution factor of 0.57. R1 was supplied with RAS by Qgs34, R2 by both 
Qrsi2 and Qgsa4. FD; divided Ogsa4 in favour of R1 with a distribution factor of 0.543. The waste 
activated sludge (WAS) from the underflow of CL; (Qw) is concentrated in two WAS thickeners 
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(TH). The thickened WAS (Qzw) is dewatered by centrifugation (CE) and transported from the 
WWTP (Qpw). The overflow from the thickener (Qor) and centrate (Qce) are recycled to R1. In 
Table 4.1 the hydraulic and operational data are presented. The flow scheme of the WWTP is 
presented in Figure 4.2. 


CL34 


QR3EX 


an, QH (e Ve ORs, FD, 


O Uer. 


WAS treatment 


Qpw 


Figure 4.2 Flow scheme of WWTP Katwoude. Dark blue lines are activated sludge flows. Light blue lines 
are RAS and WAS flows. R1: selector, R2: anoxic reactor, R3: aerated carousel, CL: clarifiers, TH: WAS 
thickening, CE: dewatering centrifuge and FD: hydraulic flow distribution works. 


Table 4.1 Measured operational data and volumes of WWTP Katwoude. 


Flow ES tsp Process unit ELIS Depth HRT” 
m /d m m h 
Avg. influent yr. 2000, Qo, 13,252 + 5,960 Selector, R1 270 3.5 0.2 
8-day avg. influent, Qug 12,380 + 1,270 Denitrification reactor, R2 1,760 5.5 0.4 
External recycle R3, Ogsex 207,792" Aerated carousel, R3 15,840 5.0 75 
Internal recycle R3, Qran 2,077,920”) Total reactor volume 17,870 - 33.5 
RAS from CLiz, Deet: 12,144 t 1,2214 Clarifiers, CL;; (2 x 1,395 m°) 2,790 - 3.1 
RAS from CL, Qas34 24,960+2,496 Clarifiers, CL3q(2 x 1,399 m°) 2,798 - 2.3 
WAS, Qw 1,227 +791 Thickeners, TH (2 x 308 m?) 615 - 12.8 
Thickened WAS, Qrw 154-92 Flow distribution factor, FD; 0.570 - - 
Dewatered WAS, Opy 14+4 Flow distribution factor, FD, 0.543 - - 
! Estimated from the superficial flow velocity in R3 (0.37 m/s) and the cross-section of the passage connecting R3 and R2 
(1.3x5 m°). 


© Estimated from the superficial flow velocity in R3 (0.37 m/s) and the cross-section of reactor R3 (13x5 m’). 


II The HRT was calculated from the balanced flows (Cuius, Qni, Daa, Qs). 
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4.2.2 Measurements 

The pseudo steady state operation of WWTP Katwoude was recorded during an 8-day sampling 
program (the 23" of February to the 2" of March 2001). In this period, samples (among others) 
were collected daily from the influent (Qing), Qai, Qr2, Qas, Qasi2 and Qrsz4 Qor, Qc and the 
effluent (Oe), The influent, centrate and effluent were 24-hour composite samples, whereas the 
process internal measurements were grab samples during influent peak flow. The samples were 
analysed on TCOD (total COD), COD (COD of the micro-filtrated fraction, 0.45 u pore diameter, 
no flocculation), BOD; (5 day biological oxygen demand), MLSS (mixed liquor suspended solids), 
ash fraction of the MLSS, VFA (volatile fatty acids), NH,” (ammonium), NO; (nitrate), TKN (total 
Kjeldahl nitrogen), TP (total phosphorus) and PO,” (ortho-phosphate). Energy use, pump flow- 
rates (Table 4.1), mixer and aerator operation time and process control measurements were 
recorded daily. Average measurements of the 8-day sampling program are presented in Table 
4.3. Also the average measurements over the year 2000 were collected. These measurements 
are presented in Table 4.2. The average sewage temperature in the year 2000 was 15 °C. 


Table 4.2 Measurement and simulation results over the year 2000. Simulated results and influent data are 
printed in blue. The plant was simulated with average influent loads and a temperature of 15°C. TP; was 
controlled, by regulating Qw, resulting in a SRT of 19.8 days. 


Sampled flow / reactor Qos (g/m’) R3 (g/m’) Qer (g/m’) Qu (kg/d) 
Total COD, TCOD 631+ 172 - 37:5 € 7.0 - 
X7+S7 631 4,662 37:5 4,119 
COD particulate, COD, š 4,628 + 514 S 4,132 +910 
X 316 4,628 4.0 4,118 
Total phosphorus, TP 9.23.8 112.7 € 13.0 0.6 € 0.8 100.6 + 22 
Spo + Xmep + Xpp + iP 9.2 113 0.6 101.2 
Ortho-phosphate - - 0.5 € 0.6 

Spo 3.6 0.7 0.5 0 
Precipitated FePO, - - - - 
Xmer 0 20:3 0.0 18 
Tot. Kjeldahl N, TKN 56+15 274+ 30 2.62 1.5 244.8+54 
Sun + iN 56 274 0.9 247 
Ammonium - - 1.0+1.6 - 
Sun 37 0.7 0.7 0 
Nitrate - - 3.2 + 3.0 - 
Sic 0 3.4 3.3 0 


4.2.3 The process model 

For all simulations the simulation platform SIMBA ° 3.3* (Alex et al., 1997) was used, operating 
under Matlab/Simulink? 5.2. In SIMBA? WWTP process models are constructed by connecting 
CSTR in a desired configuration (Figure 4.2). Biological conversions were calculated with the 
TUDP model (Annex 1.1). The WWTP was modelled (Figure 4.3) according to the flow scheme 
given in Figure 4.1 and the data in Table 4.1. R1 and R2 were each modelled as one CSTR. R3 was 
modelled as five CSTR in series, with an internal recycle Qasi. Aeration of R3 (OCg3) was 
modelled with PI control, which regulated DOg; in the first and third CSTR on respectively 1.5 
and 0.8 gO;/m.. With this setup, the horizontal DO gradients were approximated. The modelled 
clarifiers separated solids and water ideally. A small fraction Ser was modelled by a percentile 
loss of the RAS (0.000596). Denitrification in the RAS volume was not observed and therefore not 
modelled. The solids concentration in the AT (X3) was PI controlled by regulating Qw. Chemical 
precipitation of FePO, was modelled in Qr2. Der was PI controlled at 0.5 gP/m° by regulating the 
dosage of FeCl}. The model influent was characterised according to Roeleveld and van 
Loosdrecht (2001). All simulations were performed with a constant influent flow. 


118 


Downloaded from http://iwaponline.com/ebooks/book-pdf/868083/wio9781780404660.pdf 


bv auest 


oad parameters 


Figure 4.3 SIMBA model of WWTP Katwoude. 


Table 4.3 Measurements and simulations of the 8-day sampling program. The flows were sampled daily, at 
dry weather influent peak flow (8-day average 12,380 m°/d). Simulated results and influent data are 


printed blue. 

Sampled flow/reactor Qus (g/m°) R1(g/m)  R2(g/m°) R3 (g/m’) Os (g/m°) 
TCOD 773 +53 - - 4,840 + 1263 43.7 +8.3 
Xr + St 773 4,180 4,869 4,845 43 
COD, 379+93 3,999 +222 - 4795 +1263 0.03: 8.9 
X 380 4,020 4,806 4,805 44 
COD ue 393 +41 3 i 44.3 + 0.6 44.0 + 0.6 
Sa + Se +S) 393 160 63 40 40 
TP 12.9 + 4.5 97.1+5.4 - _ 1167t6.5 18203 
Spo + Xpp + iP 12.9 98.5 116.5 116.4 1.8 
Phosphate 6.4+0.9 50-14 3.00.3 1.8+0.4 1.4 +0.2 
Spo 6.1 4.6 3.2 17 1.7 
TKN 61.7 £ 7.6 - - 285 +32 19203 
Sna + iN 61.5 248 286 282 2.0 
Ammonium 39.9 + 4.9 14.0+2.2 5.3415 1.0+0.6 0.7 € 0.6 
E 38.3 144 5.1 13 1.2 
Nitrate 00 0.7404 0.8+0.6 33410 32507 
Suo 0 0.54 0.4 3.3 3.5 


4.2.4 Introducing Macrobal 

The free-domain software Macrobal was used for evaluation of operational data. Macrobal was 
originally designed for balancing chemical elements and conversion rates on a molecular level. In 
this chapter, the program is used to balance compounds and flows in a full scale WWTP. 
Operation of Macrobal is explained according to Table 4.4 and 4.5. These tables are drawn up in 
the Macrobal in and output format. In Table 4.4, n columns represent the mass balances, with in 
each balance the concentrations C All empty spaces in the balances represent zeroes. 
Negative concentrations are outflows, positive concentrations are inflows. The balances 
correspond with the first column of Table 4.4, which is indicated as the flow vector Q. This is 
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further specified in Table 4.5. The flow vector Q consists of m measured and u unknown (thus 
calculated) flows, with a total number of m+u=/ elements. The mass balances may relate to 
individual reactors, groups of reactors or the total WWTP. Ideally, the balances add up to zero, 
however caused by measurement errors, balances have residuals (€,). For the total system the 
residuals are calculated according to Eq. 4.1. 


(4.1) 


— = L 
X> Q x Cin =E, 
i=l 


A system with n balance equations, can be solved if n=u. For n>u the system is ‘over 
determined’. This is expressed in the ‘degree of redundancy’, defined as n-u. It should be noticed 
that the degree of redundancy is calculated based on the number of independent balance 
equations. 


Table 4.4 Reconciliation of the year 2000 average measurements. Evaluation of the SRT. CE: balance over 
the centrifuge, WWTP: balance over the total plant. The last 4 columns are ‘open’ COD and N balances 
(OCcop: oxidised COD, ‘NIT: nitrified load, "DEN: denitrified load, OCyer: net oxygen consumption). Empty 
spaces in the matrix represent zero values. 

n mass balances with elements C; , 


Defined balance WWTP CE WWTP CE 

Balance compound Flow balance TP TP 

Unit gP/m? pgP/m° 

2 Qa m?/d 1 9.2+3.8 631+172 56415 

= 

Ë = Oe m°/d -1 -0.6+0.8 -37.5t7.2 -2.641.5 -3.243 

E š Qrw m°/d 1 669-99 -27,468+4,077 -1,630+242 

ZE Oe mid E 58446 2,38341,876 1414111 

E: 5 Qow m?/d =1 -1 

O — TPow kgP/d -1 -1 

S8 $ Cc kgO;/d zd E 
9 $ ‘NIT kgN/d -1 1 -4.57 
z Ë ‘DEN kgN/d - 2.87 -1 

x £ Duer kgO./d 1 


Residuals are calculated according to Eq 4.1. 


Balancing data is only useful when no gross errors are apparent. In Macrobal these gross errors 
are therefore first detected by evaluating the residual (¢) of each balance on the basis of a 
statistical test (the y-square distribution). An elaborate description this procedure is found in 
van der Heijden et al. (1994a,b,c). Gross errors are introduced by (i), an incorrect process 
description (ii), erroneous operational data or (iii), erroneous process measurements. Gross 
errors in the flow vector can be detected by systematically rejecting measured flows (thus a 
measured value becomes an unknown value), until the y-square test is passed. An incorrectly 
defined balance or measurement error, can be detected by systematically rejecting balances, 
until the y-square test is passed. If n-u21 and no gross errors are apparent, the system can be 
balanced. Hereby the residuals (g,) are minimised and the standard deviation (sp) of the 
balanced operational data are reduced. A high degree of redundancy, results in a high accuracy, 
i.e. a small sp. 
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4.3 Error detection and data reconciliation 


4.3.1 Estimation of the SRT 

For a reliable simulation, the SRT should be known within 95 % accuracy. This was shown by 
Brdjanovic et al. (2000). Therefore the SRT was evaluated on the basis of the TP balance 
according to procedure described in Chapter 1 and Nowak et al. (1999). Primary data indicated 
the SRT in WWTP Katwoude was 20 days. This required an evaluation over approximately 60 
days. For the evaluation, average data over the year 2000 was used, which was readily available 
from the regular WWTP sampling program. The TP balance was calculated over the sludge 
dewatering (CE) and over the total WWTP. The system of balances is presented in Table 4.4. 
Three out of five flows were measured (Q24, Q+w and Qpw), leaving two unknown (Qce and Qep). 
TP was measured in Q;,, Qw, Der and Qpr. The TP load in the dewatered flow (‘TPpw) was 
calculated from the measured sludge production (WAS). The system of four balance equations 
(n=4) and two unknown flows (u22) had a degree of redundancy of two (n-u=2), which allowed 
error detection and data reconciliation. From the yearly average data, also the COD and N 
balance were calculated. For these ‘open’ balances the degree of redundancy was zero (n-u=0), 
meaning all loads were calculated and no balancing was performed. The net oxygen 
consumption (OCye; 3,607 kgO;/d, Table 4.5), calculated from the COD and N balance, was used 
as a final check on the calibrated model. 


Table 4.5 Balancing results of the year 2000 average measurements. Balanced operational data are 
according to Table 4.4. No gross errors were detected. The results of the data reconciliation are presented 
in the last column. The result of the COD and N balance is presented in the last four rows. 

Degree of redundancy - 2 

No proof for measurement errors based on the y-square distribution. 


Measured + sp Balanced + sp 
z Dau m /d MB 13,252 + 5,960 11,833 + 2,210 
i = Qer md C E 11,819 + 2,210 
9 z Qw m Jd MB 153.7 + 92.3 165.2:+ 31.1 
= E Qcc m /d C = 151.2 + 31.4 
£ 2 Qo m'/d MB 14+3.8 14+3.8 
os TPow kgP/d MB 100.6 + 22 101.5+10 
s š OCcoo kgO;/d C : 1,852 +10 
9 8 UD kgN/d Ë - 383.9 +10 
Se DEN kgN/d C s 346.1 10 
2E OC; — kgOj/d C . 3,607 + 10 


M: measured, B: balanced, C: calculated 


Table 4.5 shows the results of the Macrobal calculations. No gross errors were detected in the 
operational data. Macrobal was able to balance the operational data caused by the large 
standard deviation (sp) of Q;,. Hereby, the balanced influent flow surprisingly corresponded to 
the dry weather influent flow (11,833 + 2,210 m°/d). Based on this observation, we verified that 
TP, was sampled at an average flow rate of 11,500 m?/d, which is in correspondence with the 
balanced Qa. In the reconciled system, all balances were in accordance. From the raw data the 
SRT was calculated to be 20.0 + 6.7 days. In the balanced system this was 19.8 + 4.8 days (17,870 
m° x 112.7 + 13 gP/m? divided by 101.5 + 13 kgP/d). 


4.3.2 Balancing operational data 

On the basis of the 8-day sampling program, a system of balances was formulated with the 
intention to check seven process flows (Qing, Qrsi2, Qrs3a, Daags, Qw, Qrw and Qpw) and the flow 
division by FD; on possible errors (Table 4.6). According to the flow scheme of the WWTP in 
Figure 4.1 a system of 12 mass balances was formulated. Flows were balanced over R1, R2, R3, 
CL, TH and CE (Figure 4.4). Hereby, ammonium was balanced over R1 and R2, and TP was 


121 


Downloaded from http://iwaponline.com/ebooks/book-pdf/868083/wio9781780404660.pdf 


bv auest 


balanced over R1, R2, R3 and CL. On the basis of the relative short hydraulic retention time 
(HRT), all reactors were assumed to be in a (local) steady state (Table 4.1). Qing was slightly 
higher than Q»;,, caused by minor rain events during the recorded period. Consequently, the 
sludge production and the net oxygen consumption were not representative and therefore not 
used. Instead we relied on the SRT evaluation in the previous section. 


Table 4.6 Data reconciliation of the 8-day measurements: evaluation of operational data. Table headings 
are explained in Figure 4.1. The first balances R1, R2, R3, CL, TH and CE are volumetric flow balances. In 
the following columns TP and ammonium are balanced. 


R1 R2 R3 CL TH CE CL R1 R1 R2 R2 R3 
Flow Flow balances TP. TP NH. TP NH," TP 
m°/d gP/m° gP/m° gN/m° gP/m° gN/m° gP/m° 
Qing 1 12.9+4.5 39.9+4.9 
Qa -1 1 -97.14t5.4 -14.0242.2 97.14+5.4 14.02+2.2 
Qar3ex 1 -1 116.7+6.5 0.99+0.6 -116.7+6.5 
Qa; - 1 -116.7+6.5 -5.25+1.5 116.7+6.5 
Qr3 -1 1 116.74 6.5 116.7+6.5 
Qasi2 1 -1 -182.4+4.9 182.4+4.9 0.67+0.6 
Qer -1 -1.83 +0.5 
Qrsz4 1 -1 -141.5+3.8 141.5+3.8 0.67+0.6 
Qw - 1 -182.4+4.9 182.4+4.9 
Qor 1 -1 27.8+0.6 
Dou -1 1 -860.5+112.7 
Qce 1 -1 183+5.8 80.5+5.3 
Qow -1 


The system contained 12 balance equations (n=12) and 6 unknown flows (u=6), resulting in a 
degree of redundancy of n-u=6. On the basis of the original data, we were not able to balance 
the system within the 75 % confidence level of the y-square test (Table 4.7). Therefore, three 
measured flows (Ogs45, Qrs34 and Qraex) were rejected. Recalculating the system with Qesi2, Qas34 
and Qaszx as unknown (n-u=3), the calculated return flow rates (Qasi; and Qass4) indicated that 
flow divider FD; was fully directed towards R1. After an inspection at sight this was confirmed. 
Initially, Qaszx was estimated from the superficial flow velocity in the carousel reactor (0.37 m/s). 
From the balance calculations a lower average flow was expected. This was however not verified 
in practice. Therefore, in the final calculation Qaszx was set as unknown. The balanced value for 
Qraex (66,750 + 4,500 m°/d) suggests that the average velocity over the depth of the carousel 
reactor was 0.12 m/s. The balanced flows are presented in Table 4.7. 


Figure 4.4 Scheme of WWTP Katwoude. Red rectangles are mass balance boundaries for data verification. 
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Table 4.7 Balancing results of the 8-day sampling program. Two calculations were performed. In the first 
gross errors were detected in Qaszx, Qasi2 and Qrsz4. In the second calculation Qrzex was rejected, and the 
system could be balanced. 


First calculation Second calculation 
Degree of redundancy = 6 Degree of redundancy =5 
99% confidence of a measurement error based No proof for measurement error based on the y-square 
on the y-square distribution distribution 

Measured + sp Measured + sp Balanced + sp 

m°/d m°/d m°/d 

Quins M 12,380 + 1,270 MB 12,380 + 1,270 12,800 + 737 
Qa C - C = 38,640 + 2,390 
Qsstx MB 207,792 + 20,779 MC rejected 66,750 4,500 
Qa C - C - 117,300 + 7,270 
Da C - E - 50,520 + 2,940 
Qasi2 MB 23,551 + 2,355”) MB 12,144 + 1,214") 11,880 + 853 
Qer C - C - 12,790 + 737 
Qass4 MB 13,553 + 1,355”) MB 24,960 + 2,496? 24,710 + 1,540 
Qw MB 1,227 € 791 MB 1,227 € 791 1,149 + 291 
Qor C - C - 999 +217 
Dn MB 153.7 + 92.3 MB 153.7 t 92.3 15075 
Qce c - [el - 136 *75 
Dou MB 14.0+3.8 MB 14.0 + 3.8 14+3.8 
1) Estimated from superficial flow velocity (0.37 m/s). 


2) Calculated with FD, 0.57 in favour of CL34 FD; 0.543 in favour of R1. 
a FD; set to 1. M: measured, B: balanced, C: calculated 


4.4 Model calibration and simulation 

After error detection and data reconciliation the model of WWTP Katwoude was calibrated. 
Herweith, the calibration method was used as described in Chapter 1. First the solids were fitted 
(TPx, COD, and TKNy) on the basis of average data for the year 2000 (Table 4.2 and 4.5). Next, 
nitrification, denitrification and EBPR were calibrated on the basis of the 8-day sampling 
program (Tables 4.3 and 4.7). The calculated net oxygen consumption (OCyer) was a final check 
on the calibrated model (Table 4.5). 


4.4.1 Fitting the sludge production 

Step 1. Fitting the model on the TP balance 

The model was fitted to the year 2000 balanced loads ‘TP,y, TP and ‘TPpw (Table 4.4 and 4.5). 
PO;se was controlled at 0.5 gP/m° by chemical precipitation. TPge was calibrated with a percentile 
loss of solids from the modelled clarifier. For modelling convenience, Qpy was fixed on 14 midd 
(Table 4.5). Hereby, TPas was controlled on 112.7 gP/m° (Table 4.2) by regulating Qw, which 
resulted in TP 5a of 101.5 kgP/d. This was in accordance with the balance in Table 4.5. Because 
TP is strongly related to the solid fraction, fitting the model to TP fixes the SRT. 


Step 2. Fitting the solids COD, balance 

Because the COD, balance is a non-conserved balance, an incorrect load ‘COD will generally be 
compensated by Ower, In the previous section the SRT was fixed according to the TP balance. 
Hence, the total amount of MLSS in the WWTP was mainly determined by the influent X,/X ratio, 
as inert COD (X,) accumulates in the WWTP. By adjusting the influent X,/X ratio to 0.798, we 
fitted the model to the measured TPy/COD, ratio of 0.032. Hereby, all model uncertainties 
related to the production of X, and the influent characterisation are lumped up in the influent 
X/X ratio. 
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Step 3. Fitting COD; in the effluent 

COD; in the effluent was fitted by adjusting the influent ratio S,/S_ from 0.146, calculated 
according to Roeleveld and van Loosdrecht (2001) to 0.134. Increasing S, in the influent directly 
effects the effluent concentration, as S, is not converted. Hereby, S, in the influent was not 
changed, as this model component was directly measured from VFA. 


Step 4. Fitting the TKN balance 

Likewise COD, TKN is a non-conserved compound. An incorrect ‘TKN in e.g. Qgr or Qw, generally 
will be compensated by Ouer via nitrification, and N, production via denitrification. The 
measured fraction TKNy/COD, was 0.059. TKNy was fitted by increasing the activated sludge 
fractions iNy, and iNys to 0.06 gN/gCOD. This resulted in a modelled HKNpw of 247 kgN/d (Table 
4.2). 


4.4.2 Calibrating nitrification, denitrification and EBPR 

In the previous section X,/X, S\/S-, (Na and iNxs were calibrated. Nitrification, denitrification and 
EBPR were calibrated on the basis of the 8-day sampling program (Table 4.3). Therefore the 
influent composition (Table 4.3), balanced flows (Table 4.7) and Xp3 from the 8-day sampling 
program were used here. The simulated sewage temperature was 9°c. 


Step 5. Calibrating the net nitrified load 

Strong DO gradients were observed in the depth and width of R3. However, only the gradient in 
the length of the carousel was measured. Des was therefore assumed to be less reliable. To 
simulate NHkr, the DO set-points in R3 were increased to 2 gO;/m.. Hereby, the original aerated 
volume was not changed (9,504 m’). 


Step 6. Calibrating the net denitrified load 
The net denitrification (DEN) was fitted by increasing Ko from 0.2 to 0.3 gO,/m?. This caused 
effluent nitrate (NOg;) to decrease from 3.7 to 3.2 gN/m’. 


Step 7. Calibrating anaerobic phosphate release 

From the phosphate balance over R1, the phosphate release in the anaerobic reactor (PR) was 
calculated to be 34 + 14 kgP/d. Without calibration, the model predicted a release of 24 kgP/d. 
Hereby PAO was approximately 1 to 2 % of the total activated sludge. Because the simulated 
release was within the accuracy of measurement, it was chosen not to calibrate the phosphate 
release in R1. 


Step 8. Evaluating the net oxygen consumption 

A final check on the calibrated model was the simulated net oxygen consumption (OCye_7 3,594 
kgO;/d). This value approximately matched the calculated value (3,607 kgO;/d, Table 4.5). On 
the basis the stoichiometric oxygen consumption and the measured energy use for aeration 
(6,569 + 1,319 kWh/d or 27.8 kWh/PE.), theoretical efficiency of 0.55 kgO;/kWh is calculated. If 
alpha factor is assumed of 0.7 and a deficiency factor of 1.4 (average DO at the aerator 3 gO;/m° 
and an average sewage temperature of 15°C), a net efficiency of 1.12 kgO;/kWh is expected, 
which is a realistic value. 


4.5. Discussion 

4.5.1 Balancing conserved compounds 

A compound only can be balanced when it is totally recoverable. Most ‘conserved’ compounds 
(COD, TN, TOC), have a component in the gaseous phase (respectively O;, N; and CO3), which is 
in general not measured. Theoretically this also accounts for volumetric flows, however in 


124 


Downloaded from http://iwaponline.com/ebooks/book-pdf/868083/wio9781780404660.pdf 


bv auest 


practice evaporation of water is negligible. A compound that under normal conditions 
exclusively is associated with the solid and liquid fractions is phosphorus. Phosphorus can be 
recovered from all in and outgoing flows, and therefore is very suitable for balancing purposes. 
Moreover, TP can be related to the solid fraction (MLSS). This is justified as the activated sludge 
ratio TPy/COD,/TKNy only changes over a relative long period (3xSRT). Practical advantages of 
using TP as a ‘balancing compound’ are: (i) measuring TP is relative simple, (ii) in WWTP’s, TP is 
generally well above the detection limit and (iii) historical TP measurements are often readily 
available. In this study, ammonium and phosphate balances were used to evaluate the process. 
Ammonium and phosphate are not conserved and therefore cannot be fully recovered. It was 
however assumed that (i), ammonium was not oxidised in R1 or R2, (ii) ammonification was 
negligible and (iii), growth of biomass in R1 and or R2 was negligible. These assumptions indicate 
that balancing ammonium is only valid when the HTR in R1 and R2 is low, and therefore the 
contribution of these reactions can be neglected. The phosphate balance is less sensitive to 
biomass growth. This is the direct result of the biomass composition which contains little P 
(CH2.9900.54No0.20P 0.015, Smolders et al., 1994). For the same reason, also hydrolysis and 
fermentation have reduced effect on the phosphate balance over R1. When phosphate and 
ammonium are balanced, it must however be realised that the accuracy of the calculations are 
negatively influenced by these processes. 


4.5.2 Calibrating EBPR 

No PAO activity was simulated with a sewage temperature of 9*C. However, if the temperature 
profile of the preceding year was taken in account, full EBPR was simulated in summer and 
autumn, whereas some EBPR activity was simulated under winter conditions. This showed that 
the simulated PAO concentration was not only sensitive to the actual temperature, but also to 
the preceding temperature profile. Simulation of the WWTP at 15°C, showed that at least 360 
days were needed before activity of PAO and ordinary heterotrophic organisms (OHO) was in 
steady state. Because both species competed for the same substrate (VFA), their growth was 
limited. Therefore it took a considerable period before steady state was reached. This is in 
contrary to ammonia oxidizing organisms (AOO), which if allowed by process conditions, recover 
in approximately 10 days. It can therefore be concluded that PAO activity is generally not in 
steady state at this plant. To avoid laborious and relative inaccurate simulations with variable 
temperature, it is suggested to experimentally determine the PAO concentration from an 
anaerobic phosphate release batch-tests. As initial estimation, it is proposed to calculate the 
anaerobic phosphate release according to Eq. 4.2. 


On ^ POg * i s PO. * Qr "s PO * Qor 2 POS 7 OQ i PO + "PR B 0 (4.2) 


From the phosphate balance over R1, the anaerobic phosphate release 'PRa, was calculated to 
be 34 + 14 kgP/d. On the basis of Qa = 38,640 midd, this corresponds with an increase of 0.9 
gP/m? in POg,. Simulating the model with a yearly temperature profile, ‘PRe, was calculated to 
be 24 kgP/d. This corresponded to an increase of POg, with 0.6 gP/m?. Both estimated and 
simulated releases were smaller than the measurement accuracy (POg,25.0 + 1.4 gP/m’, Table 
4.3). Moreover, in the simulation PAO only made up 2% of the TCOD. On the basis thereof, 
further calibration EBPR was not justified. 


4.5.3 Calibrating N fractions 

The TKN fraction in waste sludge was highly sensitive in the model. Incorrect simulation of TKN 
in the waste sludge (‘TKNw), is compensated by the net oxygen consumption (OCyer) via 
nitrification and the N; production via denitrification. In ASM2d (Henze et al., 1999), it is 
proposed to use three distinguishable N fractions for the modelled solids DN, iNys and iNgy) and 
two for the dissolved compounds (iNsp and Nal It is adviced that these values are merely a 
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reference and should experimentally be determined for each situation. iNgy is more or less 
constant in WWTP (0.07 gN/gCOD), and therefore should not be calibrated. To fit TKNy, iNy, is 
the most sensitive parameter, as X, usually contributes the most to the activated sludge. In a 
properly functioning WWTP, Xs will be in the range of 1 to 2% of the activated sludge. Therefore, 
only a small error is made when iNy, and iNys are calibrated simultaneously. Independent 
calibration of iNy; and iNys, as proposed by Koch et al. (2000), is not justified as iNsp (iNss, ASM3) 
and iN, cannot be determined with the required accuracy. 


In this study ammonium was balanced cover the anaerobic reactor. Therefore Syy in the influent 
should match the measured influent ammonium concentration. Roeleveld and van Loosdrecht 
(2001) suggest calculating Sy, according to Eq. 4.3. 


So E TKN yy 7 (iN, ^s X, + iN s 2 X, + iN pu ZS ZX; + iN s. "s A, + iN, ^ 5, ) (4.3) 
Instead, it is proposed to fit Eq. 4.3 to the measured NH by adjusting iNsp or iNys in the model. 


4.6 Conclusions 

Data evaluation based on linear conservation relations gives insight in basic plant performance. 
For this information, in practice often complete simulation studies are performed. The use of 
Macrobal instigates a systematic organisation of raw operational data, whereby information is 
acquired in the benefit of a proper WWTP evaluation. The extra time invested in data and 
process evaluation will be saved during calibration, as it takes considerably more effort to fit a 
model on faulty data. 


Macrobal software showed suitable for error detection and reconciliation of operational data 
and process measurements. Therefore ammonium, TP and flow balances were formulated over 
several process units. Major errors were detected in three process flows. With the help of 
balancing methods these errors were corrected. 


Model calibration mainly relied on fitting the mass balances that were established in the 
Macrobal data evaluation. Hereby no stoichiometric or kinetic parameters required calibration. 


The balanced data set simplified the model calibration. For the calibration the stepwise method 
described in Chapter 1 was used. Hereby, the SRT was fitted according to the overall TP balance, 
TP,/COD, was fitted with the influent X/X ratio, TKNy/COD, was fitted with iNy, and iNys, 
nitrification was fitted by adjusting the DO set-points and denitrification was fitted by increasing 
Ko. 
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Figure 4.5 Sampling at WWTP Katwoude (Photo: Meijer S.C.F.). 
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Figure 4.6 Images of WWTP Katwoude (Photo: Meijer S.C.F.). 
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Chapter 5: WWTP Hardenberg, the Netherlands 


Modelling full-scale start-up of the 
BCFS° process 


Meijer S.C.F., van Loosdrecht M.C.M. and Heijnen J.J. 


This chapter is based on Meijer S.C.F., van Loosdrecht M.C.M. and Heijnen J.J. (2001) Metabolic modelling 
of full-scale enhanced biological phosphorus removing WWTP's. Water Res. 35(11), 2711-2723., Meijer 
S.C.F., van Loosdrecht M.C.M. and Heijnen J.J. (2002) Modelling the start-up of a full-scale biological 
nitrogen and phosphorus removing WWTP's. Water Res. 36, 4667-4682., and Meijer S.C.F. (2004) 
Theoretical and practical aspects of modelling biological nutrient removal in activated sludge systems 
(ISDN 90-9018027-3) Ph.D. Thesis, Delft University of technology, The Netherlands (205p.). 


PART 1: Modelling regular operation of WWTP Hardenberg 


5.1 Introduction 

Modelling WWTP for COD and N removal, has become a standard practice and valuable 
instrument for design and operation of WWTPs. However, with respect to modelling EBPR, 
practical use of activated sludge models is still limiting. Partly this is due to the complexity of the 
EBPR process, partly to limited modelling experience. Essentially, there are two models 
proposed, ASM2d (Henze et al., 1999) from the IAWQ task group, and an ASM2d integrated 
metabolic model proposed by Smolders et al. (1994a,b), Murnleitner et al. (1997) and van 
Veldhuizen et al. (1999). This model is further referred to as the TUDP (Technical University Delft 
bio-P) model. ASM2d uses a grey box description towards EBPR, as only one organic storage 
compound is modelled. In the TUDP model, full account is given to the metabolism of 
phosphorus accumulating organisms (PAO) and therefore all storage compounds are modelled 
explicitly. Eight cell-internal processes are described involving three storage polymers: poly- 
hydroxy-alkanoates (PHA), glycogen and poly-phosphate (poly-P). In two previous studies, the 
TUDP model was used to simulate full-scale EBPR; a side stream P-removal process (WWTP 
Haarlem Waarderpolder, Brdjanovic et al., 2000, Chapter 3) and a mainstream P-removal 
process (WWTP Holten, van Veldhuizen et al., 1999, Chapter 2). This chapter contains, besides 
the simulation of a full-scale BNR process at WWTP Hardenberg (regular steady operation), also 
simulation of the WWTP start-up, and model-based optimization of the control strategies at this 
plant. This MUCT-type WWTP (Figure 5.1, Wentzel et al., 1990) was optimised by introduction of 
denitrifying EBPR according to the novel BCFS® design. During a three day sampling period, the 
pseudo-steady state (PSS) conditions of the WWTP was monitored. Pseudo-steady state 
conditions imply that the process is determined by recurring 24-hour influent variations. By 
definition, no significant changes in the activated sludge composition will occur at such 
conditions. 


In previous research, problems were reported with the metabolic model kinetics (Brdjanovic et 
al., 2000). In this study, the model is re-evaluated. Hereby focus was given to the verification of 
operational data, validation of the model stoichiometry and kinetics, the calibration method and 
the practical applicability of the TUDP model at full-scale conditions. 
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5.2 Materials and methods 

5.2.1 WWTP Hardenberg 

WWTP Hardenberg is one of seven WWTPs managed by the Dutch water board “Groot Salland”. 
In 1998 it was upgraded to a BCFS® process (Figure 5.1), which is a MUCT-type design. Typical 
process characteristics are SVI below 100 mL/g without addition of chemicals, high activity of 
denitrifying EBPR and PO, cr below 0.5 gP/m’. The chemical phosphate stripper shown in Figure 
5.1 was not built. An elaborate description of BCFS® and the upgrading philosophy is given in van 
Loosdrecht et al. (1998). 


QA Qc 


Clarifier 
Influent E Geet Ka —» Effluent 
Y Qs 


¥\/ QRAS RAS 
WAS 


Phosphate stripper Overflow thickener (TH) 
(optional) 


Figure 5.1 Schematic layout of upgraded WWTP Hardenberg. For WWTP Hardenberg, R1, S, R2 and the 
thickener (not shown) were constructed as one circular reactor. The overflow from the thickener (Qor) was 
received by R2. 


Table 5.1 Operational data and hydraulic design parameters of the WWTP Hardenberg: Average 
measurements t standard deviation. The hydraulic retention time (HRT) was calculated from the listed 
flows and volumes. 


Average + SD - Volume Depth HRT 
Flow Process unit 
m'/d m m h 
Influent, Quy 6,855 + 2,387 Anaerobic reactor, R1 1,48 5.0 1.4 
Overflow thickener to R2, Qor 126 Selector reactor, S 740 5.0 0.5 
Effluent, Qer 6,738 + 2,516 Anoxic reactor, R2 2.29 5.0 0.8 
Waste activated sludge, Qw 243 + 299 Alternate aerated tank, R3 4.19 2.5 0.9 
Pump-flow A, Qa 18,708 + 263 Aerated carousel, RA 4.19 2.5 0.9 
Pump-flow B, Oe 35,236 + 334 Clarifier, CL (2 x 2,625 m°) 5.25 - 6.6 
Pump-flow C, Qc 59,174 + 3,021 RAS volume 150? - 0.3 
Recycle activated sludge, Qras 12,126 + 335 
Internal recycles, Oa y and Qas i 635,040?! Total WWTP 18,140 6,981 62.4 
! Estimated 


Estimated from denitrification in the RAS 
Il Estimated from superficial flow velocity measurements 


The WWTP was constructed from an anaerobic reactor (R1) with plug-flow characteristics, a 
selector reactor (S) and an anoxic reactor (R2), both supposed to be completely mixed, followed 
by two carrousel reactors (R3 and R4) in line. R3 aerated alternately. R4 was fully aerated. The 
oxygen concentration in R3 and R4 (DOp3 and DO.) was controlled on respectively 0.6 and 2.8 
g0;/m (Table 5.3). In both R3 and R4, significant oxygen gradients were measured (not shown). 
In the clarifiers (CL), activated sludge was separated from the liquid phase. Cyclic process 
conditions were provided by the return activated sludge (RAS) from the clarifier underflow (Qeas) 
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and three recycle pump-flows Q4, Qs and Qc. These flows were ORP controlled on the 
measurements ORP&, ORP&; and ORPg; respectively. During the recorded period, dry weather 
influent caused Qa, Qs, Qc and Qg4s to be more or less constant. In Table 5.1 operational data 
and reactor volumes are listed. Q4, Qs and Qc were measured on-line. Qw was calculated from 
the capacity and operation time of the WAS pump. The overflow from the thickener (Qor) was 
estimated. The internal carrousel flows Qa, y and Daum were estimated from the superficial flow 
velocities in R3 and R4. 


5.2.2 Measurements 

The pseudo-steady state operation of the WWTP was recorded during a 60 hour measurement 
campaign from the 23" to 25" of June 1998. Samples were taken every two hours from the 
influent (Figure 5.2), R1 (Figure 5.4), R2 (Figure 5.5), R3 and R4, WAS, overflow of the thickener 
and effluent. 


-m- TKN (gN/m3) -e- TP (x0.1 gP/m3) 
-4- TCOD (x10 sCOD/m3) — Influent (m3/d) 


TKNin, TPin and TCOD;, (g/m3) 
š 
Qin (m3/d) 


6/23/98 9:00 6/23/98 21:00 6/24/98 9:00 6/24/98 21:00 — 6/25/98 9:00 — 6/25/98 21:00 
Time (date, h:m) 


Figure 5.2 Influent measurements at WWTP Hardenberg. 


The samples were analysed on COD, CODvwr (COD of the micro-filtrated fraction, 0.45 u pore 
diameter, no flocculation), BOD, (biological oxygen demand), VFA (volatile fatty acids), NH, 
(ammonium), NO; (nitrate), TKN (total Kjeldahl nitrogen), TP (total phosphorus), PO, (ortho- 
phosphate) and MLSS (mixed liquor suspended solids). Pump flow rates, control measurements 
and energy consumption and operation time of mixers and aerators and were recorded every 
two hours. Average measurement results are presented in Tables 5.2 and 5.3. 


5.2.3 The WWTP Hardenberg model 

All simulations were performed with the TUDP model (appendix III). SIMBA? 3.3* was used as 
simulation platform (Alex et al., 1997), which operated under Matlab/Simulink? 5.2. In SIMBA? 
models are constructed by connecting CSTR's in a desired process configuration. The WWTP was 
modelled according to the flow scheme in Figure 5.1 and data from Table 5.1. R1 was modelled 
as three CSTR's in series. S and R2 were modelled as single CSTR's. R3 and R4 were modelled as 
six CSTR's with internal recycle Qg3 in and Daa in. With this set-up, longitudinal oxygen gradients in 
R3 and R4 were simulated sufficiently. CL separated particulate matter from the liquid phase 
ideally. A residual Ver was modelled as a percentile loss of the RAS. Biological conversions in the 
RAS volume were simulated by a non-aerated CSTR placed in the RAS flow. DOg3 and Daa were 
controlled on respectively 0.6 and 2.8 gO;/m° (Table 5.3). Maa was controlled on 4,693 gCcop/m° 
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by regulating Qy (Table 5.3). This control simulated manual operation by the plant operators. In 
the model, Q4, Qs, Oc and Qgas were constant (Table 5.1). Plant hydraulic scheme in SIMBA is 
shown in Figure 5.23 and 5.24. 


Table 5.2 Influent and effluent data and the characterised model influent. The model influent was 

calculated according to Roeleveld and van Loosdrecht (2001). 
Measurement Average + SD Unit Simulation value Unit 
Influent Soluble compounds 
Total COD (TCOD) 603.9+95.5 gCOD/m? Dissolved oxygen (DO) So 0 gO;/m° 
Micro-filtrated COD (CODy:) 240.5 + 37.9 gCOD/m? Fermentable COD (COD;) Sr 109 gcop/m° 
5-day BOD (BOD;) 245.5£48.7 gCOD/m’ Fatty acids (VFA) SA 91 gcop/m° 
Total Kjeldahl N (TKN) 68.8 + 10.1 gN/m? Ammonium (NH;) Suna 52 gN/m° 
Ammonium (NH1) 53.4 £8.7 gN/m? Nitrate (NOs) Sue 0 gN/m° 
Nitrate (NOs) 0.1+0.2 gN/m? Ortho-phosphate (PO,) Sca 6.6 gP/m° 
Total phosphorus (TP) 8.4+1.4 gP/m° Inert COD (COD,) S, 40  gCOD/m' 
Ortho-phosphate (PO,) 5.2+0.8 gP/m? Alkalinity (HCO;) Suco 8 mole/L 
Total suspended solids (TSS) 308.6+18.2 gMLSS/m? 
Influent volatile fatty acids (VFA) Particulate compounds 
Acetic acid (CHCOOH) 68.3 + 9.2 gCOD/m? Inert COD X 174.8 gCOD/m? 
Propionic acid (C,H;COOH) 12.34+1.4 gCOD/m? Soluble COD Xs 188.7 gCOD/m! 
Butyric acid (C3;H7COOH) 5.40.7  gCOD/m? Autotrophic microorganisms XA 0.01  gCOD/m' 
Valeric acid (C.H COOH) 5.2+0.6  gCOD/m? Heterotrophic microorganisms Xu 0.01  gCOD/m' 

P-accumulating microorganisms — Xp4o 0.01 gCOD/m? 
Effluent 
Micro-filtrated COD (COD) ` 41.5£ 5.8 gCOD/m? Poly-phosphate Xe ` 0.001 gP/m° 
5-day BOD (BODs) 1.9 + 0.4 gCOD/m° Poly-hydroxy-butyrate Mann 0.001 — gCOD/m? 
Glycogen Xe 0.001  gCOD/m? 

Overflow WAS thickener Overflow WAS thickener 
Total Kjeldahl N (TKN) 55.9 + 14.6 gN/m Ammonium Sua 55.9 gN/m? 
Total phosphorus (TP) 47.2 +8.5 gP/m° Ortho phosphate Spoa 47.2 gP/m° 
Ortho-phosphate (PO) 39.8 + 8.9 gP/m° Alkalinity, HCO3 Suco 8 mole/L 

Table 5.3 Measurements and simulation results (in blue). 
Paremeter Symbol R1 R2 R3 RA Qer Qw 
Total COD TCOD 3,896+493  4,698:522 4,610+140 4,7354321 4228  8,615+1,762 
(gcop/m° GH 4 4,8 4,7 47 44 8,5 
Particulate COD COD, 3,839+493 4,654 4,570 4,693+320 0.8+6.4 8,574+1,762 
(gCOD/m’) X 3,954 4,7 47 4,7 5 8,4 
Micro-filtrated COD CODme 574 44+5 40+2 42+8 42+6 42-8 
(gCOD/m? SatSetS) 56 42 40 40 40 40 
Volatile fatty acids CODvrA 0-1 0 - - - - 
(gCOD/m*) Sa 0 0 0 0 0 0 
Fermentable COD COD, 17 4 - - - - 
(gCOD/m* Se 16 2 il 0 0 0 
Total phosphorus TP - - - 155-6 0.2 268-17 
(gP/m?) SpoatXpptip 124 152 152 152 0.4 274 
Ortho-phosphate PO, 2445 7.4+3.9 1.6+2.5 = 0.4+0.8 ë 
(gP/m°) Spa 24 7A 1.2 0.3 0.3 0 
Total Kjeldahl TKN - - E - 2:1 - 
nitrogen (gN/m?) Suna + in 158 178 173 171 1 307 
Ammonium NH4 - 6.442.6 - 0.6+1.8 0.3 - 
(gN/m?) Siia 19 6.7 2 0.4 0.4 0 
Nitrate NO3 0 0.2+0.1 TEL 2.8+1.6 3.2+0.5 3.0 
(gN/m?) Suos 0 0.2 1.9 3.0 3.0 3.0 
Dissolved oxygen DO - 0.6+0.2 2.8t0.9 x x 
(g/m°) S 0 0 0.4 3.0 3.0 0.1 
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5.2.4 Model adjustments 

In the original TUDP model, hydrolysis (rj) was a function of ordinary heterotrophic micro- 
organisms (OHO). In EBPR processes, PAO (phosphorus accumulating organisms) grow at the 
expense of OHO as both compete for the same substrate. This study showed a Xp4o/X, ratio of 
0.51, whereas in simulations of A;N processes even higher ratios were observed (Hao et al., 
2001). This model set-up therefore caused a reduction of the hydrolysis rate. However, 
according to Goel et al. (1998 and 1999), hydrolysis is associated with the total heterotrophic 
biomass. Therefore in the TUDP model rp was made a function of Xpao + Xp. The fraction 
particulate biodegradable matter was hereby redefined as Xs/(Xpaot+Xy). Except for PO, Ri, the 
model sensitivity towards the maximum hydrolysis rate (ky) was relative low (Table 5.6). 


5.2.5 Influent characterisation 

Influent was measured with a flow proportional sampler. During the recorded period no rain 
events occurred. The operation of the WWTP was mainly determined by 24-hour recurring dry 
weather influent dynamics. Hereby sewage pumping stations caused the typical flow dynamics 
Observed in Figure 5.2. Concentration variations in the measured influent were relative small. 
Variations in the influent loads (concentration x flow), therefore were primarily caused by flow 
dynamics. To decrease simulation time, the influent was modelled with average concentrations 
and actual flow data. The actual influent measurements and model influent composition are 
presented in Table 5.2. The influent characterisation was performed according to Roeleveld and 
van Loosdrecht (2001). In this method the influent X/X ratio is determined from BOD, 
measurements. If however, a COD, balance is available from which SN can be estimated, it is 
suggested not to use this method. Firstly, BOD; measurements are laborious and secondly, it is 
questioned if BOD; can be determined with the required accuracy for precise determination of 
X/X. The latter argument is of importance, as the simulated SRT has been found highly sensitive 
towards X,/X (Brdjanovic et al., 2000; van Veldhuizen et al., 1999) Instead, it is suggested to use 
the influent X,/X ratio to fit the COD, balance in the model (i.e. calibrate the sludge production). 


5.3 Data evaluation 

5.3.1 Initial simulation 

On the basis of the original operational data it was not possible to simulate the WWTP 
performance. It was observed that (i) the overall TP and solids (CODy) balance could not be fitted 
simultaneously, (ii) the COD, balance over the anaerobic reactor R1 and the clarifier (CL) could 
not be closed, and (iii) internal ammonium, nitrate and phosphate concentration profiles could 
not be simulated. It was therefore concluded that operational data and or measurements 
contained gross errors. These data therefore were checked by evaluating the mass balances over 
the WWTP. 


5.3.2 Evaluation of the SRT 

The RAS concentration is a crucial operational parameter. In the model, via Qw, RAS determines 
solids in the aeration tank (Xat) and eventually the SRT. Brdjanovic et al. (2000) showed that the 
model is highly sensitive towards the SRT. For a proper simulation, the SRT should be known 
within 95 96 accuracy. Often much lower accuracy is obtained, especially when the SRT is 
calculated from the RAS concentration (initially in this study 88 %, Table 5.4). RAS measurements 
are generally inaccurate, especially when grab-samples are used. This is caused by the dynamic 
operation of the clarifier. Moreover, RAS samples taken from distribution works and transport- 
pipes with valves and curves are known to be inaccurate caused by non-homogeneous 
distribution of MLSS. In this study the SRT was estimated from mass balance calculations (Figure 
5.3). 
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Aerobic Qer x TPEF 


tank 

(Qu + Qor + Qgas) x TPar Qer x XEF 
+ — — 
Qn x TPin + Qor x TPor TP: (Qu Qora HEUS 


XAT 


Qras X TPRas Qw x TPw 
Qras X XRAS Qw x Xw 


Figure 5.3 Mass balances for SRT estimation. TP and COD, balances over the WWTP and clarifier (kg/d). 
The mass balances are presented in Eq. 5.1 to 5.4. Concentrations and flows are used from Tables 5.1, 5.2 
and 5.3. Table 5.4 presents the results of the balance calculations. 


According to Figure 5.3, four balances were formulated: 

(i) the overall TP balance, 

Om X TP + Qor X TPor = Qrr X Jee + Qy X TPy (5.1) 
(ii) the overall flow balance 

Ow + Qor = Ozr + Ow (5.2) 
(iii) the clarifier TP balance 

(Qm + Qor + Onas) X Tan = Orr X Ter + (Qras + On) x TP y (5.3) 


(iv) the clarifier solids (COD) balance 


(Qin + Qor + Onas) X Xar = Ozr X Eer + (Oras + Ow) X Xy (5.4) 


Table 5.4 Results of SRT and flow estimations. Average measurements + standard deviation and balanced 
operational data according to Eq. 5.1 to 5.7. 


Mass balance calculations (eq. 5.1 to 5.7) Average + SD Balanced Unit 
Estimation of the SRT 

Return activated sludge flow, Qaas (Qras=1.2xQin) 12,126 + 335 8,226 m'/d 
Overflow thickener, Qor 126 102 midd 
Waste activated sludge flow, Qw 244 +299 219 midd 
Total phosphorus in WAS, TPw 268 + 17 278 gP/m? 
Total particulate in WAS, Xw 8,574 + 1,762 8,411 gcoD/m? 
Sludge retention time, SRT 28.9 32.8 d 
Estimation of Q4 

Pump-flow A, Qa 18,708 + 263 22,415 m'/d 
MLSS in flow A, Xaa 4,654 + 522 4895  gcoD/m? 
Estimation of Qa 

Pump-flow B, Qs 35,236 + 334 44,536 m'/d 


Ca. 2. E —ÁÀ——À 
Obtained measurement from grab sample 
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These mass balances only hold for steady state conditions. Concentrations and flows are 
obtained from Tables 5.1 and 5.3. The system of four eq. (n=4), had one unknown u (Qop) and 
thereby n-u=3 degrees of freedom. Therefore three operational parameters could be estimated. 
The least reliable parameters were chosen, being Qw, TPw and Xw (Table 5.3). For the 
calculations, the equation solver “Maple V" was used (Char et al., 1991). Initially no satisfactory 
solutions were found. It was however possible to solve Eq. 5.1 and 5.2, hereby finding solutions 
for Qw and TPw. We relied on accurate measurement of solids (Xat) and TP in R4. Therefore, a 
gross error in Qgas was assumed. By adjusting Qgas to 1.2 times Qn, as specified in the original 
plant design (Qaas = 8,226 m°/d), it was possible to balance the system within the error of 
measurements (Table 5.4). 


5.3.3 Evaluation of recycle flow A 
Because it was not possible to simulate the solids concentration in the anaerobic tank R1 Dol, 
the solids balance over R1 (Eq. 5.5) was formulated. 


Ow X Xiy + Q4 X Kou = (Qin + Q4) X Ee (5.5) 


In this balance, formation and degradation of PAO storage polymers and anaerobic hydrolysis 
are neglected. Solving Eq. 5.5 for Q4 resulted in 29,012 m'/d, being well above the maximum 
pump capacity of 18,000 m?/d. Therefore, an additional balance was formulated. 


Ow X POgin + Q4 X PO g) + Ow x VFAm x Ypo4 = (Qm + Q4) x PO¿nI (5.6) 


Eq. 5.6 is the phosphate balance over R1. In this balance the anaerobic PO, release is calculated 
based on VFA, and the yield according to Smolders et al. (1994a, Yp9,=0.36 gP/gCOD,.). Hereby 
formation of VFA by hydrolysis was neglected. Solving eq. 5.5 and 5.6 simultaneously, resulted in 
a minimal flow Q4 of 22,415 m°/d and a solids concentration in flow Qa (Xaa) of 4,895 gCOD/m*. 
The high calculated value of Xaa could be caused by settling of particulate matter in R2. 
Therefore, retention of solids in R2 was modelled. Applying the estimated values for Xaa and Qa, 
the solid and phosphate concentration in the anaerobic reactor were simulated satisfactory 
(Figure 5.4). 
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4000 
E 3000 £ 
Se @ PO4,measurement e MLSSmeasurement 8 
& ——  PO4, model —  MLSSmodet Bh 
X 2000 z 
$ x 
1000 


6/23/98 9:00 — 6/23/98 21:00 6/24/98 9:00 | 6/24/98 21:00 6/25/98 9:00 6/25/98 21:00 
Time (date, h:m) 


Figure 5.4 Measurement and simulation of Ne: and PO. 
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5.3.4 Evaluation of recycle flow B 
Because ammonium and nitrate in reactor R2 could not be simulated, an ammonium balance 
over R2 was formulated (Eq. 5.7). 


OwXNH 4 wt QorXNH 4 ort OpXNH 4g gat OpasxNH 4 cr=(Qint Qort Opt Oras) XNH, n (5.7) 


In this balance, nitrification, ammonification and biomass growth in R2 were neglected. From eq. 
5.7, flow Qg was estimated under the assumptions that (i), ammonium in R2 was accurate (6.4 + 
2.6 gN/m’) (ii), ammonium in the effluent and R4 were negligible and (iii), Qgas=1.2xQyy. From 
Eq. 5.7 it was calculated that Qg was 44,536 midd. which is 1.27 times higher than the original 
value (35,000 m?/d). Because the measurement of Oe showed unreliable, in the simulation Oe 
was used to calibrate ammonium and nitrate in R2 (Table 5.3, Figure 5.5). This resulted in a 
calibrated flow of Q,=44,300 midd. 


e PO4,measurement e NH4, measurement 


— PO4,model — NH4, model 


NH4,R2 (gN/m3) 
PO4,p9 (gP/m3) 


6/23/98 9:00 6/23/98 21:00 6/24/98 9:00 6/24/98 21:00 — 6/25/98 9:00 6/25/98 21:00 
Time (date, h:m) 


Figure 5.5 Measurement and simulation of NH, r2 and PO; rz, 


5.4 Model calibration 

After the operational data were checked and measurements were balanced, the model was 
ready for calibration. Hereby a stepwise approach was used. Simulation time was reduced by 
starting with static simulations. The model was fitted on the average measurements presented 
in Table 5.3. 


Step 1. Calibrating the COD, balance 

Xaa was controlled on 4,693 + 320 gCOD/m? by regulating Qw. Assuming the yield of the process 
was constant, the SRT is a function of the influent X,/X ratio according to Figure 5.6. Roeleveld 
and van Loosdrecht (2001) proposed to estimate the influent X,/X ratio based on influent BODs 
measurements. In this study it was however proposed a more accurate method, in which the 
WAS production is estimated from the overall TP balance (Eq. 5.1). On the basis of the WAS 
production, the COD, balance was closed by calibrating the influent X,/X ratio. The calibrated 
ratio was found to be 0.507. 
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Step 2. Calibrating nitrification 

The overall nitrified load (‘NIT kgN/d) could be simulated without calibration. However, during 
the calibration procedure unrealistic low phosphate in R4 caused growth limitation of ordinary 
autotrophic micro-organisms (OAO). Therefore, temporarily the phosphate affinity for growth of 
OAO (Kw,po4) was reduced to 0.001 gP/m’. 


Step 3a. Calibrating denitrification in the RAS volume 
Some denitrification occurred in the RAS volume (0.3 gN/m’, Table 5.3). From the calculated 
denitrified load ("NO3 ras), the RAS volume was estimated to be 150 m°. 


5.4.1 Simultaneous nitrification and denitrification 

Simultaneous nitrification and denitrification (SND) often occurs in full-scale WWTP's. Non-ideal 
mixing and (partial) settling of activated sludge in the aeration tank causes oxygen gradients and 
diffusion limitations. Therefore, the actual anoxic volume often is higher than the designed 
anoxic volume. With the COD and N balance, the overall denitrified load (DEN, kgN/d) is 
calculated (Nowak et al, 1999a). To fit denitrification and thereby correct for the actual anoxic 
volume, the calibration parameter Ko was introduced. In the model, Ko replaces the oxygen 
affinity for PAO (Koo) and OHO (Ky). The sensitivity of Ko towards nitrate in the effluent (NO; cc) 
is a function of X//X. This relation is shown in Figure 5.6 The net effect of increasing Ko is an 
increase of the anoxic activated sludge fraction (Figure 5.7), as if the oxygen penetration depth 
in the sludge flocs is decreased, hereby causing an anoxic zone in the centre of the floc (Pochana 
and Keller, 1999). 
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Figure 5.6 SRT as a function of the influent X,/X ratio and Ko. With X,/X the COD, balance is fitted. This 
process is also effected by Ko, 
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NO3,eff (gN/m3) 


Figure 5.7 NO; as a function of the influent X,/X ratio and Ko. Ko is used to fit ‘DEN. This process is also 
effected by X,/X. 


Step 3b. Calibrating the anoxic sludge fraction 

After the nitrified load (‘NIT) was fitted and solid COD fraction (COD ,) was balanced (step 1 and 
2), the denitrified load (‘DEN) was fitted (i.e. the anoxic sludge fraction was fitted). Therefore Ko 
was increased from 0.2 to 0.7 gO,/m°. Figure 5.7 shows how this caused NO; zr to decrease from 
6.5 to 3.2 gN/m? in relation to X/X-0.507. 


Step 4. Calibrating the anoxic phosphate uptake 

Because EBPR has a limited influence on other processes in the model, the phosphate profile 
over the WWTP was calibrated last. The anaerobic phosphate concentration (PO, al was 
simulated correctly with the adjusted kinetics for hydrolysis. Poly-P formation depends on the 
electron acceptor (oxygen or nitrate). Murnleitner et al. (1997) however, observed a reduced 
electron acceptor affinity for poly-P formation. In the model this is expressed in the reduction 
factor gpp (<1). Originally for gpp a value of 0.1 was proposed, hereby increasing the affinity for 
oxygen according to gppxKo and gppXKp nos. In this study the oxygen affinity for poly-P formation 
was reduced by increasing gpp to 0.25. Hereby the phosphate profile over the WWTP (PO; s, 
PO, gs and PO, na) was simulated sufficiently (Table 5.3). 


Step 5. Calibrating the net oxygen consumption 

The COD, balance was fitted by adjusting the influent X,/X ratio. There is however, a second 
(independent) balance related to COD, being the COD and N balance (Nowak et al., 1999a). COD 
and N balances are linked via denitrification and therefore have to be solved simultaneously. 
From the COD and N balance it was calculated that the net oxygen consumption OCye; was 2,631 
kgO;/d (Table 5.5). The simulated OCyer was 2,597 kgO;/d, which indicated that the calibration 
was sufficient. 
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Table 5.5 The COD and N mass balance calculation (based on Nowak et al., 1999a). 


COD and N mass balance calculation Balanced Unit 


Oxygen for NH, oxidation (nitrification) OCur 1,595 kgO;/d 
Oxygen for COD oxidation OCcop 1,037 kgO;/d 
Total oxygen consumption Duer 2,631 kgO;/d 
COD oxidised with NO; (denitrification) “CODpen 958 kgCOD/d 
Total COD oxidised Keelt? 1,995 kgCOD/d 
Nitrification rate ‘NIT 349 kgN/d 
Denitrification rate ‘DEN 334 kgN/d 


5.5 Discussion 

5.5.1 Fitting models on faulty data 

The P balance is a closed balance, indicating that all in and outgoing TP loads can be recovered in 
the liquid phase. In contrast to the P balance, the COD and N balance has compounds in the 
gaseous phase (O; and N;). Usually this is not measured. When a model is fitted on faulty data, 
the COD and N balance is ‘closed’ by over- or under-estimating O, and N;. The P balance 
however, cannot be fitted on faulty data unnoticed, as all loads are generally measured. 
Consequently, EBPR models cannot be fitted on faulty measurements (ASM2d, TUDP model), 
whereas models lacking this balance can (ASM1, ASM3). The P balance is an extra independent 
balance coupled to the solids balance (COD,), and therefore useful for error detection and 
estimation of the SRT. For a proper simulation, the SRT has to be known with accuracy higher 
than 95 96 (Brdjanovic et al., 2000). In modelling practice, this means that the P balance should 
fit. 


5.5.2 Sensitivity analysis 

To evaluate the sensitivity of the estimated operational data (Table 5.4) and calibrated 
parameters, a sensitivity-analysis was performed. Eq. 5.8 shows the sensitivity (s) expressed as 
relative change of the modelled concentration (y) divided by the relative change of the 
calibrated parameter (p) according to van Veldhuizen et al. (1999). 


V/A 
_/y (5.8) 


Results of the analysis are presented in Table 5.6. It is seen that the proposed calibration 
parameters (gpp, Ko, ky, X/X) are sensitive to specific processes. This simplifies the calibration 
procedure. The estimated operational data however, show a more general sensitivity (Q4, Qb, 
Qw and Qg). The high sensitivity of operational data is expressed by the inability to calibrate 
the model while using erroneous data. Performing simulations with erroneous data generally 
leads to laborious and unjust calibrations of kinetic and/or stoichiometric model parameters. It 
was also observed that model kinetics generally are less sensitive than stoichiometric 
parameters and operational data (not shown). 
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Table 5.6 Sensitivity analysis of model parameters and operational data. The most sensitive parameters 
are presented. The sensitivity was calculated according to Eq. 5.8. Only sensitivity above 0.1 is shown. 


Calibration parameters Operational data 
y\p Reactor Bee Ko Kn X/X Q4 Qs Qw Qras 
1 0.1 0.2 0.1 -0.4 ET -0.3 
ee, 2 0.3 0.5 0.2 -0.8 -0.4 -1.3 -0.3 
3 0.4 0.5 -0.3 -0.4 -0.4 
4 0.5 0.5 0.4 -0.5 
1 -11.0 2.7 
2 -7.7 17 15 -0.2 
NO; 3 -2.3 1.1 -0.5 -0.2 
4 -1.6 0.7 -0.5 -0.2 
1 -0.6 -0.3 
2 -0.1 -0.9 -0.1 
Zi 3 -0.2 -0.4 -0.2 
4 -0.1 -0.4 -0.1 
cop, I 0.1 0.2 
1 0.5 -1.4 -0.7 0.4 
2 0.5 -0.1 -0.7 0.4 
cob: 3 0.5 -0.1 -0.7 0.4 
4 0.5 -0.1 -0.7 0.4 
1 0.2 0.2 -0.6 -1.9 -0.6 0.2 
2: 0.2 0.2 -0.6 -0.5 -0.6 0.2 
Xeno 3 0.2 0.2 -0.6 -0.5 -0.6 0.2 
4 0.2 0.2 -0.6 -0.5 -0.6 0.2 
1 -1.12 -0.2 0.1 
M 2 0.2 -0.2 0.1 
3 0.2 -0.2 0.1 
4 0.2 -0.2 0.1 


5.5.3 A heuristic calibration approach 

The proposed calibration method is rather qualitative than quantitative. Calibration parameters 
were selected on the basis of process knowledge rather than mathematical sensitivity analysis. 
This approach resulted in the introduction of the black box calibration parameter Ko that was 
introduced to correct for hydrodynamic and physical shortcomings of the plant model. 
Additionally the calibration parameter X//X was introduced to balance COD, for a given SRT. 


Several mathematical parameter calibration methods were developed (Weijers et al., 1997; 
Yuan et al., 1997; von Sperling, 1993; Wanner et al., 1992). In this study however, a largely 
heuristic approach was used for several reasons. Firstly, it was observed that the model was 
more sensitive towards operational data than towards model parameters. Therefore, evaluation 
of input data was preferred over calibration of model parameters. Secondly, mathematical 
calibration procedures usually neglect the influence of faulty operational data, and instead, 
focus on model kinetics and stoichiometric parameters. Finally, it was observed that after 
balancing faulty operational data and measurements, only minor calibration was required to fit 
the model. It is the opinion of the author that model calibration in first instance should be 
focused on the evaluation of operational data. From previous experience with the TUDP model 
(van Veldhuizen et al., 1999; Brdjanovic et al., 2000; this study) it was concluded that only minor 
calibration was needed after correcting errors in the operational data. Table 5.7 gives an 
overview of model parameters that were calibrated for simulation of WWTP Haarlem 
Waarderpolder (Hrlm), WWTP Holten (Hltn) and WWTP Hardenberg (Hdbg). For none of these 
studies the model stoichiometry required calibration. Caused by shortcomings of the activated 
sludge model (ASM1, ASM2d, TUDP and ASM3), the parameters Ko and X/X will need 
adjustment for each simulated WWTP. This should be considered when extrapolating the model 
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to new conditions. In this simulation study, model (EBPR) kinetics was found to be less sensitive. 
This generally will be the case for low loaded WWTP's at pseudo steady state conditions. Under 
such conditions, only kinetic rates that are limiting will be sensitive for calibration. Therefore, 
such conditions are not suitable for a proper kinetic model evaluation. 


Table 5.7 Full scale calibration parameters. Calibration results of simulations of Hltn (WWTP Holten by 
van Veldhuizen et al., 1999), Hrlm (WWTP Haarlem Waarderpolder by Brdjanovic et al., 2000), and Hdbg 
(WWTP Hardenberg). 


Calibration parameters Hitn Hrim Hdbg Default Reference 
Maximum fermentation rate, qre T. 1 3 3 Henze, 1999 
Poly-P storage rate, Kpp 0.07 0.05 0.05 0.05 Murnleitner, 1997 
Glycogen storage rate, Kay 1.09 0.15 1.09 1.09 Murnleitner, 1997 
Anoxic PAO reduction factor, Heu: 0.7 0.8 0.8 0.5”) Murnleitner, 1997 
X, influent fraction, X/X 0.57 0.67") 0.49") - This chapter 
Affinity reduction factor, gpp 0.1 0.1 0.25 0.1 Murnleitner, 1997 
DO affinity, Ko 0.2) 0.2”) 0.7 0.2 Henze, 1999 


1) COD, balance calibrated based on the influent X,/X ratio 


? Default value proposed to be set to 0.8 
6) Denitrification calibrated by adjusting aeration 
After re-definition of the hydrolysis kinetics 


5.5.4 The calibration procedure 

The proposed stepwise calibration resulted in an orderly and relative quick calibration. The most 
sensitive parameters were calibrated first (X/X, Ko, Kh, gp»). The sensitivity analysis in Table 5.6 
shows that the selected calibration parameters primarily affected the intended processes, 
leaving other process barely affected. Therefore the amount of 8751 L/s. This information must be interpreted correctly 
and used with caution, since: (i) it assumes that the reser- 
voir is completely full at the start of the supposed drought 
period; (ii) this methodology is based on minimum flow 
values calculated from probabilistic distributions which 
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are based in turn on relatively short-term data series. In 
the case of the Rio Verde Basin it consists of data from 
the nearby Rodeio station, with just 20 years of data, col- 
lected after the construction of the Rio Verde dam at a 
position slightly downstream from it, which greatly reduc- 
es the variability of the minimum flow data; (iii) one final 
important limitation is that this technique does not apply 
to cases of multi-annual variability. The present study in- 
tends to address these limitations by using an alternative 
approach. 


2.3 RAINFALL DATA 


Figure 4 shows the location of conventional rainfall 
stations within the region under study, labeled with their 
official codes. These stations collect daily rainfall data. 
The data from all stations had some gaps. When these 
gaps extended for a period of many consecutive months, 
the data (or the station itself) was simply discarded. When 
the number of gaps was relatively small, they were filled 
in with data from the nearest station. In all cases of gap 
filling, verifications were carried out to confirm that the 
data supplied would not cause significant and qualitative 
changes in the statistics for the respective station. 


SUPPLY CAPACITY OF THE RIO VERDE RESERVOIR 


FIGURE 2 - MAP OF SPECIFIC MEAN (ABOVE) AND MINI- 
MUM (BELOW) FLOWS IN liters/km? IN THE RIO VERDE RE- 
GION. SOURCE: IPAGUAS 


10 —20 30: 40 50 60 70 80 90 100 
Flow duration 

FIGURE 3 — PERMANENCE CURVE FOR THE RIO VERDE 

DAM (CATCHMENT AREA = 167km?) 


DER STUDY 


The oldest station in the region is station 02549006, 
located in Curitiba and it has been collecting data since 
the late 19^ century. If the data from this station could 
be used as a sufficient representation for the Rio Verde 
Basin, it would represent an ideal situation since the 
statistical reliability of this station is unmatched within 
the region. It is also important that the stations' data 
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be statistically stationary stable, particularly long-term 
data and drought statistics. To assess the properties of 
the data from station 02549006 for the present study, 
this station was compared with other stations located 
in closer proximity to the watershed of interest (Rio 
Verde), taking into consideration that these stations 
do not hold long-term data and only the common 
period of data collection between the stations may be 
used in this comparison. The stations used (besides 
station 02549006) were stations 02549019, 02549040, 
02549045 and 02549048 over the period of 01/01/1975 
to 12/31/2006 (32 years) The Olaria Pioli telemetry 
station (see Passaúna Dam in Figure 1) was also used as it 
possesses rainfall data at 15 minute intervals since 1999. 
This latter station is not climatologically representative 
but was used to verify possible problems related to errors 
in reading conventional rainfall gauges. Such errors are 
more pronounced in areas of low precipitation, in which 
relative reading errors are higher. 

The first test carried out consisted of calculating 
empirical cumulative distributions of monthly rainfall 
(disregarding seasonality) for stations 02549006, 
02549019, 02549040, 02549045 and 02549048. Figure 
5 plots the comparison of these distributions. Monthly 
rainfall values may be considered independent events, so 
it is possible to test whether two cumulative distributions 
originate from different theoretical distributions. One of 
the tests most often used for this purpose is Kolmogorov- 
Smirnoff Test (K-S) (EADIE et a/., 1971). The null hypothesis 
of the test is that the two time series do not come from 
different distributions. If the null hypothesis is rejected, 
the variables do come from different distributions, which 
casts doubts on the suitability of using data from one 
station (e.g. station 02549006) as representative of 
data from another station (e.g. station 02549019). The 
test provides a p value corresponding to the probability 
(between 0 and 100%, or between 0 and 1) that the 
rejection of the null hypothesis is a statistical coincidence 
and not a fact. That is, if the p value is low, 596 for 
instance, one can say that both variables come from 
different theoretical distributions with 9596 certainty. 
Higher p values (i.e., higher than 20%) indicate it is 
possible or even likely that both variables originate from 
a single theoretical distribution. Table 1 shows the results 
of the K-S test for pairs involving station 02549006 and 
the four other stations used. The results indicate that 
only station 02549040 seems to present a problem due 
to high values of cumulative probability in the monthly 
rainfall range between 100mm and 200mm. 


TABLE 1 – KOLMOGOROV-SMIRNOFF TEST. p VALUES 
BELOW 596 CAST DOUBT ОМ THE USE OF STATION 
02549006 FOR THE RIO VERDE BASIN 


STATION COMPARED TO 02549006 p VALUE 
02549019 7996 
02549040 1096 
02549045 96% 
02549048 79% 
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— — 02549045 
— —— 02549048 
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FIGURE 5 — MONTHLY RAINFALL CUMULATIVE PROBA- 
BILITY CURVE FOR STATIONS 02549006, 02549019, 
02549040, 02549045, AND 02549048 


Figure 6 shows a plot similar to that presented in Fig- 
ure 5 but without calculating monthly rainfall values, so 
that the horizontal axis represents daily rainfall and the ver- 
tical axis is the cumulative probability of occurrence. Figure 
7 shows a close-up the initial values in for small values of 
precipitation of Figure 6. Daily rainfall cannot be consid- 
ered a variable for which subsequent events are indepen- 
dent; therefore the K-S test is not recommended in this 
case. A visual analysis, however, reveals a problem: there 
is a noticeable difference between stations in the cumula- 
tive probability mass at the initial values low precipitation 
values. In other words, the registered number of days with- 
out rain is very different between stations. For rainfall val- 
ues above zero, the distributions seem to behave similarly. 
Once again, station 02549040 appears to be the most 
problematic. The fact that these stations are located in rel- 
atively homogenous regions, however, leads us to believe 
that there may be a real problem with systematic errors 
in measuring low rainfall values. What is clear is that the 
number of days without rain recorded at station 02549006 
is approximately 5996, whereas at the other stations this 
number ranges between 6796 and 7696. 


estacáo 02549006 
estação 02549019 
estação 02549040 
estação 02549045 


estação 02549048 


Prob 


0.5 0 5 10 15 20 25 30 35 40 45 5 


Rainfall (mm) 
FIGURE 6 — DAILY RAINFALL CUMULATIVE PROBABILITY 
CURVE FOR STATIONS 02549006, 02549019, 02549040, 
02549045 AND 02549048 
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FIGURE 7 — DAILY RAINFALL CUMULATIVE PROBABILITY 
CURVE FOR STATIONS 02549006, 02549019, 02549040, 
02549045 AND 02549048 


As noted above, rhere is one automatic telemetry 
station, Olaria Pioli which is located within the Passaüna 
River watershed adjacent to the Rio Verde Basin and 
operated by SIMEPAR, which electronically registers 
rainfall every 15 minutes. This station started operation 
in 1999 and has a significant number of gaps from 2006 
onwards but the number of gaps between 2000 and 
2005 is arerelatively small. As this is a modern station, it is 
believed that — at least in the first years of operation = it has 
much higher precision in daily rainfall measurements for 
two reasons: there are no human errors (operator error) 
and measurements are taken progressively throughout 
the day, so it is able to more precisely capture events 
over the course of a day. Data from this station show 
a percentage of dry days of 6096. This number agrees 
with station 02549006 and is much lower than the values 
indicated by stations 02549019, 02549040, 02549045 
and 02549048. 

Figure 8 shows the double cumulative rainfall curve 
between station 02549040 and the mean of the other 
four stations: 02549006, 02549019, 02549045 and 
02549048. One clearly notes a problem with the data from 
this station. A similar plot is shown in Figure 9; however, 
it shows the relation between station 02549006 and the 
mean of stations 02549019, 02549040, 02549045 and 
02549048. It can be seen in this plot that the behavior of 
station 02549006 presents no major anomalies. 

The question left concerning the use of the 117 
years of data from station 02549006 is whether this series 
is sufficiently stationarystable. Figure 10 shows the series 
with 30 day-cumulative rainfall data (monthly rainfall). 
There is no visual evidence of significant variations in 
rainfall statistics, so the stability stationarity of the 
station's rainfall series is accepted for the purposes of this 
study. 


3. RIO VERDE RESERVOIR 

Rio Verde Reservoir was built in the mid-1970s by 
Petrobras to supply the President Getúlio Vargas Refinery 
(REPAR). The reservoir works run-of-the-river most of the 
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time, with a water level at an elevation of 885.5 m, spilling 
the excess water that is not pumped to the refinery. Data 
on water surface area, drainage basin area and bathymetry 
of the Rio Verde Reservoir can be found in other chapters 
of this book. 
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P for station 02549040 (mm) X 10* 


FIGURE 8 - DOUBLE CUMULATIVE RAINFALL CURVE 
BETWEEN STATION 02549040 AND THE MEAN OF STA- 
TIONS 02549006, 02549019, 02549045 AND 02549048 


3.1 BATHYMETRY MEASUREMENT 


The volume of the Rio Verde Reservoir was deter- 
mined from two data sources. The main source was the 
data obtained during the data collection for bathymetry 
measurements of the reservoir. The second source of infor- 
mation was topographic charts from before the construc- 
tion of the dam. These maps have been fully digitalized by 
the team involved in the present project. 

The bathymetric survey was carried out between 
April 7 and April 10, 2008. The water surface of the reser- 
voir during this period was at approximately 885-885.5m. 
Figures 11 and 12 illustrate the equipment installed on the 
vessel used during data collection. 
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FIGURE 9 — DOUBLE CUMULATIVE RAINFALL CURVE BE- 
TWEEN STATION 02549006 AND THE MEAN OF STATIONS 
02549019, 02549040, 02549045 AND 02549048 
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FIGURE 10 - MONTHLY RAINFALL. STATION 02549006 


A great difficulty faced by the project's bathymetry 
team was that the reservoir has vast areas with a large 
amount of vegetation submerged under the water or at 
the water's surface. No adequate vegetation clearing oc- 
curred prior to the filling of the reservoir and for that rea- 
son there were great difficulties in accessing various areas 
of the lake by boat, rendering work almost impossible in 
these areas (see Figure 13). The results of the bathymetric 
survey can be seen in the Chapter 12, Hydrodynamics and 
Transportation in the Rio Verde Reservoir. Figure 14 shows 
the same result in terms of elevation (meters above sea 
level) with three cross sections. 


FIGURE 11 — COMPUTER SYSTEM AND LEVELING SYSTEM INSTALLED ON THE VESSEL 
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The elevation-volume curve was calculated up to an 
elevation of 888m (results presented in Table 2 and Figure 
15). It is important to stress that the maximum assumed 
elevation of 888 relates to the crest of the dam, which 
cannot be reached during standard operation. Moreover, 
the volumes considered do not include backwater effects. 
Taking into consideration backwater effects would result 
in a slight increase in volume compared to that calculated 
here. 


FIGURE 12 — VESSEL DURING BATHYMETRIC SURVEY 
NEAR THE DAM 


FIGURE 13 — ILLUSTRATION OF AREAS WITH EXCESSIVE VEGETATION IN THE RIO VERDE RESERVOIR 
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TABLE 2 — ALTITUDE x VOLUME/AREA RELATION FOR THE 


RIO VERDE RESERVOIR 


ALTITUDE (m) VOLUME (m?) AREA (m?) 
870 0 0 
871 88 526 
872 2068 3959 
873 9533 13256 
874 61821 177227 
875 427932 593799 
876 1230442 1003399 
877 2468309 1457180 
878 4153012 1937132 
879 6413160 2532907 
880 9217492 3075908 
881 12582010 3647825 
882 16479408 4157587 
883 20927355 4704043 
884 25879607 5204554 
885 31319126 6127291 
885.5 34012645 6493733 
886 37806164 6860176 
887 45195020 7289502 
888 52916670 8234320 
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FIGURE 14 — BATHYMETRIC PROFILE OF THE RIO VERDE RESERVOIR IN 3 CROSS SECTIONS 
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FIGURE 15 — ALTITUDE x VOLUME RELATION FOR THE RIO 
VERDE RESERVOIR 
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Besides the spillway, the dam of the Rio Verde 
Reservoir includes four floodgates located at altitudes of 
882.7m, 879.7m, 876.7m and 873.5m. The volumes cor- 
responding to each floodgate may be inferred from Table 
2 (intermediate values can easily be interpolated). These 
floodgates allow for the removal of water from the reser- 
voir at any level, although the quality of the water that is 
removed likely varies as the water level in the reservoir falls 
and floodgates at lower levels are used. 


4. RAINFALL-RUNOFF MODELING 

This section presents the technique used to gener- 
ate runoff values from rainfall data. As this rainfall-runoff 
modeling needs calibration and no long-term data on run- 
off exists for Rio Verde, the solution found was to use the 
Rio Passaüna basin for calibration, since there is long-term 
data from a station located upstream from the reservoir. 
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4.1 TOPMODEL 


The model chosen for the purposes of this study 
work is TOPMODEL (BEVEN & KIRKBY, 1975; BEVEN et al., 
1995). This model was chosen for the following reasons: 

1. It is a deterministic model, not a stochastic one; 
that is, the stochastic part of the process is fully 
constrained by the occurrence of rainfall. If long- 
term runoff data existed, it would be possible to 
model runoff through stochastic modeling. 

2. It is a conceptual model and not an empirical 
one. Purely empirical models need long-term 
high quality data for their calibration. Such data 
does not exist for the Rio Verde and therefore it is 
advantageous that this model is based on conser- 
vation laws of physics and contains parameters 
with physical significance. 

3. TOPMODEL is one of the few conceptual models 
which, besides using the law of conservation of 
mass, also uses information about the slope at 
each section of the basin. Therefore, the model 
explicitly contains dynamic components for all 
the runoff in the basin. 

4. Itis a simple model. TOPMODEL includes few ра- 
rameters and therefore is less likely to work just 
"by luck." 


At the watershed mouth, total runoff is given by the 
sum: 


4-4,4; (1) 
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where q, is surface runoff, q, is subsurface runoff, 
апа q is total runoff. Surface runoff q, is given by: 


= As ШЕ 
Zz A P 4,» (2) 


where A is the total drainage area up to the section 
under consideration, A, is the saturated area, p is un-in- 
tercepted rainfall, and q, is the return flow or water that 
eventually leaves the ground and emerges as runoff. 

Subsurface runoff q, is made up of contributions 9, 
from each point i of the watershed, given by: 


Ko =f 
q= =e “tan À, (3) 
Ў 


where z, is the local groundwater depth, K, is the 
saturated hydraulic conductivity at the surface, and f is the 
factor of declining hydraulic conductivity with depth. p is 
an important parameter representing the local slope. 

The volume of water needed to saturate the soil is 
expressed by the so-called storage deficit S. At point /, this 
deficit (S) is related to the depth z, by: 

5;= (а „А Zi» (4) 
where 0, is saturation humidity and 0, is field capac- 
ity humidity. 


7185000 m 


660000 m 


After a rainfall event, the sub-basin transfers the wa- 
ter from the highest elevations to the lowest elevations of 
the basin. In this manner, subsurface and surface flows ac- 
cumulate water near valleys and streams, thus increasing 
the water content in these portions of the basin. These 
areas then start collecting water during a rainfall event, 
saturating the soil and creating surface runoff. In order 
to determine these saturation areas, TOPMODEL uses the 
concept of a topographic index (/T) by means of the follow- 
ing formulation: 


IT=In (ac;/tan В). (5) 


In this formula, ас, represents the upstream catch- 
ment area contributing to each cell's runoff by unit of 
width (normal to the slope and along a level curve), and 
tanB represents a cell's local slope. 


4.2 CALIBRATION FOR PASSAUNA 
SUB-BASIN 


TOPMODEL was applied to the upper portion of the 
Passaüna River watershed. The mouth defining this sub- 
basin is located at the Colónia Dom Pedro water level 
gauging station (see Figure 1). The runoff and rainfall data 
without any gaps ranged from 02/01/1985 to 07/24/1990. 
The sub-basin has an area of 92 km2. The spatial distribution 
of the topographic index in the area is shown in Figure 16. 


0.0 km 2.5 km 5.0 km 7.5 km 


10.0 km 12.5 km 


FIGURE 16 — TOPOGRAPHIC INDEX (UNIT In(m)) OF THE PASSAÚNA SUB-BASIN WHICH FEEDS RUNOFF AT THE COLÔNIA 


DOM PEDRO STATION. CATCHMENT AREA IS 92 km?. 
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The model's calibration was performed semi-auto- 
matically. A rough first adjustment was done automatically 
by software and followed by manual fine-tuning. Rainfall 
and runoff data for the chosen period are shown in Figure 
17 along with the model's results. Measured runoff shows 
much larger temporal variation than the simulation for two 
main reasons: first, the model is a simplified version of real- 
ity, using few parameters and mean values of these param- 
eters for the whole basin; secondly, the rainfall values used 
as the mean for the whole basin come from a single station 
situated at the basin mouth, which is clearly an approxima- 
tion since actual rainfall in the basin possesses both spatial 
and temporal variability (within the time unit of 1 day used 


in the model). 

Despite these limitations, the model works appro- 
priately for long term runoff simulations, since the errors 
stemming from rainfall variability tend to cancel each other 
out, and the errors arising from parameter variability tend 
to disappear when the results are smoothed by calculating 
temporal means. This is substantiated by comparing mean 
runoff over nearly six years of simulation. This comparison 
is shown in Table 3. The relative error between calculated 
and measured runoff is 0.4596. Both measured and cal- 
culated runoff provide values compatible with the results 
shown in Figure 2. Figure 18 shows the comparison be- 
tween measured and calculated mean monthly runoff. 
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FIGURE 17 — DAILY RAINFALL, MEASURED DAILY RUNOFF, AND CALCULATED DAILY RUNOFF FROM COLÓNIA DOM PE- 
DRO STATION, РА55АОМА RIVER. PERIOD SHOWN: 02/01/1985 TO 07/24/1990. 


О (m?/s) 
e № 4. C со 


0 10 20 30 


measured runoff 


calculated runoff 


40 50 60 70 


months 


FIGURE 18 - MEASURED MEAN MONTHLY RUNOFF AND CALCULATED MEAN MONTHLY RUNOFF FROM COLÓNIA DOM 
PEDRO STATION, РА55АОМА RIVER. (axes: х= months; у= Runoff; in legend: measured runoff (blue line); calculated runoff (green line) 


TABLE 3 - COMPARISON BETWEEN MEASURED MEAN 
RUNOFF AND MODELED MEAN RUNOFF FOR THE SUB- 
BASIN OF COLÓNIA DOM PEDRO STATION, PASSAÜNA 
RIVER. 


MEASURED MODELED ABSOLUTE | RELATIVE 
MEAN RUNOFF | MEAN RUNOFF ERROR ERROR 
(m3/s) (m3/s) (m3/s) (96) 
1.2194 1.2249 0.0055 0.45 
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4.3 CALIBRATION FOR RIO VERDE 

SUB-BASIN 

No real calibration of the model is possible for the 
sub-basin feeding the Rio Verde Reservoir due to the lack 
of local natural runoff data (unregulated by the reservoir). 
Therefore, the parameters used were the same applied for 
the Passaüna River, with the exception of the topographic 
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index, which was obtained specifically for the Rio Verde 
Basin. Preliminarily, the sub-basin up to the Rodeio station 
was used, which has an area of 236 km? and for which 
useful long term runoff data (equaling 4.46m?/s) is avail- 
able. The topographic index map for the Rio Verde sub- 
basin which drains towards the Rodeio station is shown in 
Figure 19. The rainfall data used included the entire histori- 


Figure 20 shows part of the runoff simulation for the 
Rodeio station. The mean long-term value resulting from 
the simulation was 3.82 m3/s, which compares favorably 
to the measured long-term mean of 3.92 m3/s (Table 4). It 
is worth noting that this long-term mean was taken with 
only 20 years of data and is influenced by the reservoir op- 
eration. A simulation that considered this calibration was 


cal series from station 02549006. done for the Reservoir's basin (Figure 21). 


660000 m 


FIGURE 19 — TOPOGRAPHIC INDEX (UNIT In(m)) FOR THE RIO VERDE SUB-BASIN DRAINING TOWARDS THE RODEIO STA- 
TION. CATCHMENT AREA IS 234km?. 
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FIGURE 20 - DAILY RAINFALL (STATION 02549006) AND MODELED DAILY RUNOFF AT RODEIO STATION, RIO VERDE. PE- 
RIOD SHOWN: 04/24/1993 TO 04/05/2004 
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FIGURE 21 — TOPOGRAPHIC INDEX FOR THE RIO VERDE SUB-BASIN DRAINING TOWARDS THE RESERVOIR. САТСНМЕМТ 


AREA IS 167 km?. 


TABLE 4 — COMPARISON BETWEEN MEASURED AND 
MODELED MEAN RUNOFF FOR THE SUB-BASIN OF THE 
RODEIO STATION IN THE RIO VERDE 


MEASURED MODELED ABSOLUTE | RELATIVE 
MEAN RUNOFF | MEAN RUNOFF ERROR ERROR 
(m3/s) (m3/s) (m3/s) (96) 
3.82 3.92 0.1 2:55 


5. RAINFALL-RUNOFF SIMULATION 
This section presents the stochastic model of rain- 
fall generation for an arbitrary time period. In the present 
study, station 02549006 provided data for the modeling 
and a series of 1,000 years was generated for use with the 
model. This series informs the deterministic rainfall-runoff 
model, calibrated as described in the previous section. The 
period of 1,000 years was chosen to allow for the estima- 
tion of very rare events with reasonable statistical reliability. 


5.1 RAINFALL GENERATION METHOD 


Rainfall generation was done using a Markov chain 
multi-state model of daily rainfall and the associated tran- 
sition probability matrix (TPM) (MEYN, 1993). The criteria 
for choosing the number of rainfall bands (system states) 
and the thresholds of rainfall within each system state took 
into account existing scientific literature (e.g. SRIKANTHAN 
& McMAHON, 1985) and used trial and error, attempting 
to preserve the statistical long-term mean. The maximum 
error accepted was 596 for annual rainfall and 2096 for an- 


Downloaded from http://iwaponline.com/ebooks/book-pdf/868060/wio9781780406480.pdf 
bv IWA Publishina. publications(Diwap.co.uk 


nual rainfall variance. These classes are shown in Table 5. 

With the data from station 02549006, a TPM was 
built which indicates the probability that rainfall on day 
n+1 is state j (/ = 1, ...,7), given the state on day n. For 
each new day of simulation, a random sampling is per- 
formed (Monte-Carlo simulation) and provides a class for 
that day. To determine the value of rainfall within a class, 
for all states (except for state 1 — no rain) another ran- 
dom sampling is performed and used to calculate rainfall 
on a given quantile of that state, assuming a probability 
distribution for each state. In the present study, intercon- 
necting linear distributions were assumed for states 2 to 6 
and a Pearson Type III distribution (Ord, 1972) of extreme 
events was assumed for state 7. The parameters for the 
latter were calculated by the method of moments using 
rainfall data above 70 mm/day measured at the station. It 
is worth noting that 12 matrices (TPM) were produced, one 
for each month, with their respective distributions. Thus, 
seasonal dataeffects waswere reasonably reproduced in 
the simulation. 

At the end of the simulation, a proportionality con- 
stant c, obtained by multiplying the rainfall generated for 
each year i, may be used to correct the variability of annual 
mean rainfall (BOUGHTON, 1999): 


M+(T - M)F 
FOTO © 
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where T, is the generated annual rainfall, M is the TABLE 5 — POSSIBLE STATES OF THE MARKOV-CHAIN AC- 
sample mean of annual rainfall, and F is an empirical ad- CORDING TO DAILY RAINFALL VALUES 


justment factor determined so that simulated total annual STATE RAINFALL (mm) 
rainfall variances reflect those of the measured annual rain- 1 0 
fall. Boughton (1999) suggests: 2 00-29 
б, 3 3.0-5.9 
pe (7) 4 6.0- 10.9 
б 
o 5 11.0 - 30.9 
with б, and c, being the standard deviations of gen- 6 40.0 - 60.9 
erated and observed annual rainfall, respectively. 7 - +00 


With this method, it is then possible to generate rain- 
fall series of arbitrary duration which preserves the long- 
term rainfall mean and inter-annual long-ter m variances 5.2 RUNOFF GENERATION 
rather well. Rainfall data produced using the techniques present- 

ed in Section 5.1 can be used in the previously presented 
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FIGURE 22 – EXAMPLE OF ARTIFICIAL GENERATION AND SIMULATION OF RAINFALL AND RUNOFF IN THE RIO VERDE 
SUB-BASIN DRAINING TOWARDS THE RESERVOIR. THE PLOTS SHOW A SEQUENCE OF RAINFALL AND RUNOFF SEPARATED 
IN THREE PANELS 
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model, calibrated for the area draining the Rio Verde Res- 
ervoir, to generate runoff data with an arbitrary duration. 
Figure 22 illustrates part of the rainfall-runoff data series 
artificially generated by the techniques described herein. 

Such runoff data may be used as natural runoff in- 
flows into the reservoir, enabling the simulation of the ca- 
pacity of the reservoir to regulate a given outflow. These 
simulations are covered in the next section. 


6. RESERVOIR SIMULATIONS 

This section presents a series of simulations for the 
Rio Verde Reservoir using a long time period (1,000 years) 
of runoff values generated by the techniques discussed in 
the previous sections. First shown are simulations of water 
balance in the reservoir with daily data. Then, cumulative 
deficits are calculated based on annual runoff values. Such 
deficit volumes are frequently used as design criteria for 
reservoir sizing. 

Prior to presenting the simulations, some consider- 
ations are discussed regarding the water volume of the 
reservoir (and consequently its water level) and the impact 
of the reservoir's water level on water quality, using total 
phosphorus as an indicator. 

The Rio Verde Reservoir eutrophication project mea- 
sured total phosphorus concentrations of about 7.4 mg/m3. 
Values close to 30 mg/m? are anticipated for a reservoir to 
be deemed eutrophic. Consider the following situation: the 
reservoir is at its maximum volume with a phosphorus con- 
centration of 7.0 mg/m? and a (typical) phosphorus load of 
1,123 kg/year, calculated by Sperling's (1985) formula. If, 
because of an increased demand, the reservoir level lowers, 
maintaining the same phosphorus load and the same mean 
runoff, the question is: at what volume will the reservoir 
be susceptible to an eutrophic state? The answer to that 
question also comes from the solution of Sperling's (1985) 
equation and results in a volume of 8 million m3, which cor- 
responds to the approximate level of the reservoir at an al- 
titude of 880 m. This level is immediately above the second 
floodgate. Thus, it is considered that if the reservoir level is 
below the first floodgate, there is a risk of degrading water 
quality due to an excessive phosphorus load. Therefore, the 
water level reaching below the first floodgate is used as a 
critical event for the simulations below and if the level reach- 
es the second floodgate, the reservoir may be compromised 
with regard to its water quality. 


6.1 WATER BALANCE SIMULATIONS FOR 
THE EXISTING RESERVOIR 


In this section we present five examples of simula- 
tions for the existing reservoir, with its maximum volume 
of approximately 34,000,000m3, roughly corresponding to 
an elevation of 885.5m. The simulations consider a work- 
ing volume of 30 million m? (4 million are considered dead 
volume) and the demands increase progressively from sim- 
ulations 1 to 3. The simulation scheme is shown in Figure 
27. All simulations in this section use 1,000 years and the 
reservoir is always completely full at the start of each simu- 
lation. These simulations are similar to those proposed by 
Moran (1954), although he used the Probability Transition 
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Matrix and Markov-Chain techniques to advance the reser- 
voir's water volume over time. The results are summarized 
in Table 4. 

The aim of these simulations is to illustrate the type 
of result that the model may supply, as well as to show 
how such results must be interpreted. They are therefore 
didactic simulations. 

All water demands and losses (herein referred to sim- 
ply as demands) used in the simulations are shown below: 


Demands and Losses 

1. Ecological runoff — the ecological runoff used for 
this study is V2Q,. = 0.33 m3/s. 

2. Water license to REPAR - license to REPAR in 
April, 2011 was 0.84 m3/s. 

3. Future expected consumption by КЕРАК = 
0.94 т3/5. 

4. Water license to Fosfertil Company - Fosfertil's 
water license in April, 2011 was 0.125 m3/s. 

5. license slicense was Water license to SANEPAR 
(Paraná State Sanitation Company) — SANEPAR's 
water license in April, 2011 was 0.304 m3/s. 

6. Direct evaporation of the water surface — using 
Penman's equation for potential evaporation E: 


4098e. _ Cp 
(T=35,77"” 06221, ` 


(8) 


In the equation above, e, is the saturation vapor 
pressure, T is air temperature, С; is the heat ca- 
pacity of air, p is air pressure, and / the latent heat 
of vaporization. This equation was used with val- 
ues for a typical year of data (historical mean) of 
the SIMEPAR weather station, located in Pinhais. 
Calculation details can be found in Nocko (2004). 
The value found for direct evaporation was ap- 
proximately 3.3mm/day, which after multiplica- 
tion based on the reservoir's area of 6493733 m? 
at the altitude of 885.5 m (see Table 2) and unit 
conversion results in approximately 0.25 m3/s. Ac- 
cordingly, evaporation losses represent approxi- 
mately 0.25 m?/s. 

7. Infiltration and percolation through the embank- 
ment — it is difficult to obtain a precise estimate 
of these losses without exact knowledge of the 
distribution of the soil under the embankment 
and complex three-dimensional computational 
modeling. A somewhat rough estimate is to use 
the following equation for the percolated runoff 
along the approximate length of the embank- 
ment В=600 m: 


O. =kH,—“B. (9) 


In this equation, k is the soil's hydraulic conductiv- 
ity, H, is the reservoir's hydraulic load, and N,/ N, 
is the aspect ratio of the current lines between 
hydraulic equipotential under the embankment. 
This ratio is unknown for the Rio Verde Reservoir 
but may be estimated as approximately 0.5. Hy- 
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draulic conductivity for a typical silt+sand soil is 
3x108 m/s. The reservoir's load is approximately 
13m. The value found for percolation losses is 
therefore 0.012 m3/s. 

8. Other losses — No detailed studies on illegal ab- 
straction, measurement errors and other losses 
for the region are available. We thus decided to 
consider losses of 1096 of the total value of the 
demands outlined above. 

The following section describes simulations with ar- 
bitrary demand flows intended for use in decision making 
processes by Rio Verde Reservoir's managers. 

e Simulation 1: Current КЕРАК water license + eco- 
logical runoff + current SANEPAR water license + 
current FOSFERTIL water license 

This simulation is carried out with the demands 
above, totaling 1.599m53/s. First we consider no spillway 


discharge, that is, the reservoir is kept below its maximum 
level. For this demand, however, which is slightly higher 
than in the previous case, the reservoir will be full 8096 
of the time and there is no spillway discharge 2096 of the 
time. That is, on average for this scenario, for each 100 
days, there will be less than 20 days in which the volume 
of the reservoir will not work to supply this simulation's 
flow demand. 

The expected number of events with no spillway dis- 
charge in the 1,000 years of the simulation was 676. The 
expected time interval between two consecutive events 
was 434 days. The expected duration of each event (level 
below maximum) is 107 days. 

Figure 24 shows the percentage of decreases in 
reservoir volume over the 1,000 years of simulation. The 
greatest decrease is slightly over 6096 of the original vol- 
ume. 
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FIGURE 23 - SIMULATION SCHEME 
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FIGURE 24 — PERCENTAGE DECREASE IN RESERVOIR VOL- 

UME. SIMULATION 1. 


For the event in which the water level reaches a /еуе/ 
below the first floodgate (altitude 882.7 т), this simulation 
yielded the following results: the expected time percent- 
age in which the event occurred is 0.3196; the number of 
events expected in 1,000 years is 8; the expected duration 
of each event is 153 days; and the expected time interval 
between such events is 155 years. 


e Simulation 2: future REPAR consumption + eco- 
logical runoff + current SANEPAR water license + 
current FOSFERTIL water license 

The second simulation uses the demands above, to- 

taling 1.7m3/s. As in the previous simulation, the first event 
considered is that of no spillway discharge (level below 
maximum). According to the simulation's results, the res- 
ervoir was below its maximum level 2696 of the time. The 
expected number of these events (level below maximum) 
was 774 in 1,000 years, the mean duration of the event 
was 124 days, and the expected interval between events 
was 348 days. 

Figure 25 shows percentage decreases in reservoir 

volume over the 1,000 years of simulation (plots for sub- 
sequent simulations are similar and shown in Figure 26). 
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FIGURE 25 — PERCENTAGE DECREASE IN RESERVOIR VOL- 
UME. SIMULATION 2 


As in the previous simulation, the event of the res- 
ervoir level below the first floodgate was also considered. 
On average, the reservoir would reach such a state 0.8396 
of the time. The expected number of such events is 19 (in 
1,000 years), each one with an expected duration of 167 
days, and with an expected interval between events of ap- 
proximately 56 years. 
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FIGURE 26 — PERCENTAGE DECREASE IN RESERVOIR VO- 
LUME. SIMULATION 3 


e Simulation 3: future REPAR consumption + eco- 
logical runoff + current SANEPAR water license + 
current FOSFERTIL water license + Evaporation + 
percolation + 1096 other losses 

The third imulation uses the demands above, totaling 
2.16 m3/s. The demand for this simulation was increased 
to include losses due to evaporation, percolation, illegal 
abstraction, etc. 

The following results are found for the event “level 
below maximum’ (no spillway discharge): the reservoir was 
below its maximum level 5896 of the time; the expected 
number of such events (level below maximum) was 848 in 
1,000 years; the mean duration of the event was 249 days; 
and the expected interval between events was 182 days. 

As in previous simulations, the event of the reservoir 
reaching a level below the first floodgate was also consid- 
ered. The reservoir would be in this state 1396 of the time. 
It is expected that this event will occur 160 times (in 1,000 
years), each event with an expected length of 290 days, 
and an expected interval between events of approximately 
5.5 years. 

In this simulation, the reservoir became completely 
empty on several occasions (Figure 26). 


6.2 SIMULATIONS CONSIDERING 
FLOODGATE LEVELS AND ARBITRARY 
DEMANDS 


The simulations within this section are probably more 
useful as a support for decision making processes regard- 
ing the increase of water abstraction licenses from the Rio 
Verde Reservoir. 

Any value of outflow from the reservoir can be used 
in the following graphs, since they have been devised con- 
sidering a wide range of demand values. 

The following simulations were performed for de- 
mand values above 1.5 m3/s. The statistics were calculated 
for the following events: 

e Reservoir level below spillway 

e Reservoir level below first floodgate (882.7 m) 

e Reservoir level below second floodgate (879.7 m) 

The statistics resulting from simulations and shown 
in the figures below for each of the events above are: 

e Total percentage of time spent within that event; 

e Mean number of events each 100 years; 

e Mean length (in years) of each event; 

е Mean time interval (in years) between two con- 

secutive events. 
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Figures 27 through 30 show the variables listed 
above for the event Reservoir level below spillway level. 

Figures 31 through 38 show the above mentioned 
variables for the event Reservoir level below first floodgate. 
In this case there are two plots for each variable, one of 
them being a close-up of the demand values most likely 
to occur given current and possible future water licenses, 
which fall between 1.5 m3/s and 2 m3/s. 

Figures 39 through 42 show the variables listed above 
for the event Reservoir level below second floodgate. 

The graphs below should be read as follows: the 
sum of desired water licenses/demands is plotted on the 
horizontal axis, the vertical axis provides the value of the 
variable for the event in question (found in the title to each 
plot). 
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FIGURE 27 — PERCENTAGE OF TIME WITH LEVEL BELOW 
SPILLWAY AS A FUNCTION OF DEMAND 
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FIGURE 28 — NUMBER OF EVENTS (IN 100 YEARS) WITH 
LEVEL BELOW SPILLWAY AS A FUNCTION OF DEMAND. 
NOTE THAT THE NUMBER OF EVENTS STARTS TO FALL (AT 
APPROX. 2М3/5) WITH THE INCREASE IN DEMAND. THIS IS 
NOT CONTRADICTORY AS THE EVENTS BECOME MUCH 
LONGER IN DURATION. 
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FIGURE 29 — MEAN LENGTH OF EVENTS WITH LEVEL BE- 
LOW SPILLWAY 
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FIGURE 30 - MEAN INTERVAL (YEARS) BETWEEN TWO 
CONSECUTIVE EVENTS WITH LEVEL BELOW SPILLWAY AS 
A FUNCTION OF DEMAND. 
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FIGURE 31 — PERCENTAGE OF TIME WITH LEVEL BELOW 
FIRST FLOODGATE AS A FUNCTION OF DEMAND 


10 


SUPPLY CAPACITY OF THE RIO VERDE RESERVOIR 


years 
is 
eo 


i 
6 1.65 


17 175 18 
demand (m/s) 
FIGURE 32 - PERCENTAGE TIME WITH LEVEL BELOW FIRST 

FLOODGATE AS A FUNCTION OF DEMAND (DETAIL) 
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FIGURE 35 — MEAN LENGTH (YEARS) OF EVENTS WITH LEV- 
EL BELOW FIRST FLOODGATE AS A FUNCTION OF DEMAND 
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FIGURE 33 — NUMBER OF EVENTS (ІМ 100 YEARS) WITH 
LEVEL BELOW FIRST FLOODGATE AS A FUNCTION OF DE- 
MAND. NOTE THAT THE NUMBER OF EVENTS STARTS TO 
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FIGURE 36 - MEAN LENGTH (YEARS) OF EVENTS WITH 
LEVEL BELOW FIRST FLOODGATE AS A FUNCTION OF DE- 
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FIGURE 34 — NUMBER OF EVENTS EACH 100 YEARS WITH 
LEVEL BELOW FIRST FLOODGATE AS A FUNCTION OF DE- 
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FIGURE 37 - MEAN INTERVAL (YEARS) BETWEEN TWO 
CONSECUTIVE EVENTS WITH LEVEL BELOW FIRST FLOOD- 
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FIGURE 38 — MEAN INTERVAL (YEARS) BETWEEN TWO 

CONSECUTIVE EVENTS WITH LEVEL BELOW FIRST FLOOD- 

GATE AS A FUNCTION OF DEMAND (DETAIL) 
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FIGURE 39 - PERCENTAGE OF TIME WITH LEVEL BELOW 

SECOND FLOODGATE AS A FUNCTION OF DEMAND 
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FIGURE 40 — NUMBER OF EVENTS (IN 100 YEARS) WITH 
LEVEL BELOW SECOND FLOODGATE AS A FUNCTION OF 
DEMAND. NOTE THAT THE NUMBER OF EVENTS STARTS 
TO FALL (AT APPROX. 3.1m3/s) WITH THE INCREASE IN 
DEMAND. THIS IS NOT CONTRADICTORY BECAUSE THESE 
EVENTS BECOME MUCH LONGER IN DURATION 


Downloaded from http://iwaponline.com/ebooks/book-pdf/868060/wio9781780406480.pdf 
bv IWA Publishina. publications(Diwap.co.uk 


years 
[^] 
н 
| 


0 | | | | | 
15 2 2:5 3 3.5 4 4.5 5 
demand (m?/s) 


FIGURE 41 — MEAN LENGTH (YEARS) OF EVENTS WITH 
LEVEL BELOW SECOND FLOODGATE AS A FUNCTION OF 
DEMAND 
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FIGURE 42 — MEAN INTERVAL (YEARS) BETWEEN TWO 
CONSECUTIVE EVENTS WITH LEVEL BELOW SECOND 
FLOODGATE AS A FUNCTION OF DEMAND 


6.3 SIMULATIONS OF CUMULATIVE STORAGE 
DEFICIT 


Although the previous simulations are sufficient for 
informing decision making criteria concerning the reser- 
voir, reservoir sizing criteria also exists based on simulations 
in which inflow and demand are used as input data. One 
of the variables most often used for determining reservoir 
volume is the so-called cumulative storage deficit. 

To render this study more complete, we present in 
this section simulations which calculate, for arbitrary peri- 
ods, the expected value of the maximum cumulative stor- 
age deficit (GOMIDE, 1975), given inflow and demand 
values. 

With data on inflow and demand from a reservoir, 
one obtains, for each time period t, a variable X, (inflow 
minus outflow). At each time period, one may calculate the 
partial sum of X, by: 


1 
ESSE q Гей (9) 
i=l 


SUPPLY CAPACITY OF THE RIO VERDE RESERVOIR 


The maximum cumulative deficit D, is defined as the 
highest value for deficit d, for the period n, by means of S,, 
as shown in Figure 43. 

The variable D, is often used in project criteria, such as 
the volume of the reservoir when the problem at hand is one 
of multi-annual regulation (in which the X, data represent 
annual flow and n would be the number of years). Obvious- 
ly, as this is a project criterion based on the worst drought 
event, it cannot be applied when X, represents daily values, 
since this would disregard the possibility of two (or more) 
severe drought events, say, /-5 and /-6, separated by a brief 
interval with normal flows. In this case we should sum both 
these ds instead of using only the highest d, in the series. 


days 
FIGURE 43 - MAXIMUM CUMULATIVE DEFICIT D, 


With this caveat in mind, one may calculate the volume 
D, by this criterion and compare it to the maximum volume of 
the Rio Verde Reservoir using both daily (not recommended, 
but calculated as a curiosity) and annual data, as a means of 
verifying the volume of the reservoir based on these criteria. 

These simulations were carried out for a hypothetical 
demand of 1.85 m3/s. Using daily data, calculating the sta- 
tistics of 20 simulations, each encompassing 1,000 years, 
the value of the maximum deficit D, is 20,136,600 m3, with 
a standard deviation of 3,000,000 m3. This result demon- 
strates that the calculated volume is relatively small and con- 
firms that the use of D, is not a good design criterion when 
using daily flows, which forces one to use longer-term flows. 

Using annual flows for the same 20 simulations and 
considering the lowest D, for n21,000 years, the statistics 
change to a mean volume of 41,111,850 m3, with a stan- 
dard deviation of 10,096,000 m3. Note that, as expected 
and according to previous simulations, the volume of 
34,000,000 m? is almost sure to result in failures. However, 
it is certainly more prudent and realistic to use a shorter 
time frame n, and consider the maximum deficit in n years 
with n equaling 10, 20, 40 and 100, for instance. To this 
end one must simply divide the 20 samples encompass- 
ing 1,000 years each into m samples of n years each, so 
that nxm=20,000 years of annual inflows and outflows. 
The plots for these four values of n are shown in Figures 
44 through 47, which present various reservoir demand 
values (each curve represents a distinct demand value), so 
one can infer the probability of success (i.e. probability that 
the highest deficit in n years will be lower than the reser- 
voir volume) for each demand. Note that in all cases, de- 
mands higher than 2113/5 rapidly increase the risk of failure 
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in regulating flow. 

The interpretation of the results of the D, success 
probability plots is as follows: if we take Figures 44 and 46 
as examples and we suppose the demand is 2.3m3/s, Figure 
44 shows that a volume of 30 million m3 is sufficient to con- 
tain а “10 year maximum deficit" with a success probability 
of 7096. That is, for each 100 intervals of 10 years, there will 
be a failure, on average, in 100-70 = 30 of these periods. 
Figure 46, similarly shows that the volume of 30 million m3 is 
sufficient, with a probability of success slightly under 3096, 
to contain a "40 year maximum deficit." That is, a reservoir 
failure will occur in 70 out of every 100 periods of 40 years. 

For an outflow from the reservoir of О, 21.85 ms, 
Figure 48 shows success probability curves for the volumes 
(cumulative maximum deficit) D, gr D, Ра, and D ioo Note 
that the success probability for this demand lies over 9096 
for all four values of n. 
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FIGURE 44 — SUCCESS PROBABILITY FOR VOLUME D10 
(HIGHEST VOLUME DEFICIT IN 10 YEARS) FOR SEVERAL 
DEMAND VALUES 
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FIGURE 45 — SUCCESS PROBABILITY FOR VOLUME D20 
(HIGHEST VOLUME DEFICIT IN 20 YEARS) FOR SEVERAL 
DEMAND VALUES 
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FIGURE 46 — SUCCESS PROBABILITY FOR VOLUME D40 
(HIGHEST VOLUME DEFICIT IN 40 YEARS) WITH DIVERSE 
DEMAND VALUES 
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FIGURE 47 — SUCCESS PROBABILITY FOR VOLUME D100 
(HIGHEST VOLUME DEFICIT IN 100 YEARS FOR SEVERAL 
DEMAND VALUES 
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FIGURE 48 — SUCCESS PROBABILITY FOR VOLUME Dn 
(HIGHEST VOLUME DEFICIT IN n YEARS) FOR п=10, 20, 40 
AND 100, WITH A DEMAND Qtot =1.85m3/s 
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7. CONCLUSIONS 


Assuming rainfall data and the regionalization stud- 
ies used to calibrate the models for this study are correct, 
rainfall stability in the stations used, direct evaporation 
from the reservoir to be negligible, and the inexistence of 
extraordinary demands (leakages, illegal pumping, perco- 
lation losses, etc.) beyond those considered in the simu- 
lations, one concludes that the Rio Verde Reservoir can 
regulate current water abstraction licenses (constant flow 
of 1.689 m3/s) 80% of the time with spillway discharge, 
with a low probability of working at low volume levels (less 
than 196 of the time below the first floodgate). It can also 
be concluded that a small increase in demand to 1.85 m3/s, 
for instance, will lead the reservoir to operate 4696 of the 
time with its level below the spillway, with a chance of 
approximately 2.596 of the time operating below half the 
maximum volume. Further, such a situation suggests the 
occurrence of approximately one total failure (empty reser- 
voir) every 34 years (mean time) with an expected duration 
of 15 days. 

It can also be concluded that demands that are high- 
er than the current water licenses will place the reservoir in 
a situation in which the risk of failure increases rapidly with 
an increase in outflow. 
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Suspended particles, as well as dissolved substances, have an important ecological role in water quality by attenuating 
light, providing reactive surfaces, influencing metabolic activity, and contributing to sediment deposition. The qual- 
ity of water, particularly in reservoirs, is crucial and is naturally maintained by circulation and sedimentation, which 
removes phosphorus from the water, for example. In eutrophic reservoirs, these processes are contrasted by the re- 
cycling of ions and metals coming from sediments, which can maintain or neutralize the state of eutrophication. The 
combination of trace elements and microanalysis techniques may be useful in the context of tracking anthropogenic 
or natural activities close to a water body. These may be used to trace the sources of pollution by means of a chemi- 
cal fingerprint of such heterogeneous materials, for example, particles in suspension. The magnitude and patterns 
of ion, metal and particulate systems were evaluated at the Rio Verde Reservoir. Samples were analyzed through 
energy-dispersive X-ray fluorescence (EDXRF), ion chromatography (IC), inductively coupled plasma - mass spectrom- 
etry (ICP-MS), and particle size distribution via Laser and Zeta Potential. Based on the results, the chemical patterns are 
discussed in relation to heavy metal concentration, suspended matter and ion composition. 


KEY WORDS 


Reservoir, ICP, zeta potential, x-ray fluorescence, particulate matter. 


1. GENERAL CONSIDERATIONS 

Any approach regarding the assessment of water in 
natural environments should consider the environment as 
a whole, including how different types of reservoirs are in- 
teract with the hydrologic cycle. By participating in a cycle, 
the water can acquire or modify chemical and isotopic fea- 
tures in all aspects of the cycle. 

Tundisi et a/. (1999) point out the existence of few 
estimates of the contribution of basins to rivers, lakes and 
reservoirs, as well as of the importance of comparatively 
evaluating different sub-basins. The authors also empha- 
size the importance of peaks in the behavior of the reser- 
voir system. These peaks are fundamentally influenced by 
variable factors, especially climate or varying types of oc- 
cupation in the basin, but they can be magnified by perma- 
nent physical characteristics of the basin, such as geological 
features. When rocky matter interacts with the superficial 
environment, its chemical elements are redistributed in ac- 
cordance with the available phases (TARDY, 1969), which 
is controlled by the energy content of the system. Each 
element positions itself in the structure of suitable chemical 
species so that the system as a whole tends toward lower 
energy levels, in other words, becomes more stable. This 
process of seeking stability of the system is not immediate 
and while some reactions are almost instantaneous, others 
take a relatively long time. Thus, some minerals weather 
and their components are very quickly redistributed be- 
tween the newly formed solid phase and the liquid phase, 
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while others remain metastable for longer periods of time, 
retaining elements that could be incorporated into the so- 
lution until their intercrystalline connections are disrupted. 
The abundance of a certain chemical element in the water 
will reflect, in addition to its occurrence, its mobility in that 
environmental context. More mobile elements are those 
in which fixing processes in the solid phase are less effec- 
tive. They have difficulty fixing to existing solid structures, 
whether as part of a crystal structure or adsorbed on the 
surface by mineral or organic substances. 

The environmental context within a region forms 
what can be called the regional geochemical landscape. 
This must be understood in order to evaluate the overall 
behavior of the chemical elements, which enables a better 
understanding of the geochemical controlling factors of a 
reservoir. In part, the set of matter flow systems that access 
a reservoir can be seen in Figure 1 (BITTENCOURT, 2007). 

As the most abundant elements are present in sub- 
stantial amounts in virtually all natural environments, they 
represent a valuable indicator of the behavior to be expect- 
ed from less abundant elements with chemical properties 
similar to those that are more abundant. For example, it is 
expected that alkali elements behave similarly to Na and K 
and alkaline earth elements behave like Са and Mg, all of 
them with high mobility and a tendency to easily migrate 
through water. 

The behavior of elements in the superficial cycle es- 
tablishes a geochemical differentiation process in which 
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FIGURE 1 — GENERIC FLOW CHART OF THE MOVEMENTS OF MATTER IN THE SURFACE CYCLE. SOURCE 


BITTENCOURT (2007) 


the elements are distributed in chemical species appropri- 
ate to the phases present in the environment, ranging from 
weathering and pedogenesis processes to sedimentation. 
The chemical elements are differentiated during weather- 
ing and pedogenesis. Such differentiation is regulated by 
factors inherent to the element, such as chemical proper- 
ties, and factors related to the environment, such as tem- 
perature, pH, Eh, the surface potential of a particle, sorp- 
tion processes and the chemical environment. 

Among the chemical characteristics of natural wa- 
ters, its dissolved metals content is mainly the result of the 
composition of the rocks within the hydrographic basin 
and aquifers drained by these waters. The predominant 
dissolved metal fraction of the vast majority of surface wa- 
ter, besides silicon, which is mainly present as silicic acid 
(H,SiO,), is in solution mainly in the form of simple cations. 
These cations are: Nat, Kt, Са?" and Mg*. This is directly 
related to the abundance of elements in the Earth's crust, 
which is composed in descending order of O, Si, Al, Fe, 
Ca, Na, К and Мо, while the other elements аге found 
on average in smaller amounts (CLARKE & WASHINGTON, 
1924). Since iron and aluminum very easily form insoluble 
compounds in the physicochemical conditions of the sur- 
face environment, they are mainly found in water in the 
particulate form. 

In order to assess the distribution of any element in 
water, it is essential to know the behavior of the major 
constituents in solution. They control the presence of min- 
erals in equilibrium with water, which will directly affect 
the minority element partition between the solution and 
the particulate phase. One way to assess the distribution of 
solutes most abundant in water is to systematize a repre- 
sentation through a hydrochemical classification based on 
the ion charge. 
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Water quality, particularly in reservoirs, is naturally 
maintained by the water level, particulate matter sedimen- 
tation, and suspension processes in the water column, 
which play an important role in aquatic ecosystems. Sus- 
pended particles attenuate the entry of light into water 
bodies because they present reactive surfaces with their 
environment; along with the chemical environment, such 
reactions can also affect the concentration and stoichiom- 
etry of ionic and metallic macroconstituents of the system. 

This dynamic of particle suspension and sedimenta- 
tion can also be associated with the eutrophication pro- 
cess, which is a major concern when the reservoir is used 
for human water consumption. Eutrophication can be nat- 
ural or artificial; when natural, it is a slow and continuous 
process that results in the input of nutrients through rain 
and surface runoff in the form of particles, or not, which 
alter the physical and chemical characteristics of the system 
(see Chapter 10). When eutrophication is anthropogenic, 
it usually is associated with factors such as the discharge 
of domestic and industrial effluents, agriculture, or waste 
disposal on the banks of aquatic ecosystems (RIVERA, 
2003). However, when it comes to a water body situated 
in a region with significant human occupation, such as the 
Rio Verde Basin, it is difficult to distinguish between inde- 
pendent occupation factors and those arising directly or 
indirectly from it. 

One of the major nutrients, phosphorus (P), can be 
found in sediments associated with complex salts, such as 
calcium, iron, aluminum and organic species, or adsorbed 
on the surface of minerals. Phosphorus is of particular im- 
portance in the growth of algae cells and its excess can 
lead to the eutrophication of a reservoir. Currently, much 
attention is given to the adsorption/desorption process of 
P in natural sediments and pure minerals. 
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Laboratory experiments with Fe (OOH) showed that 
raising the pH leads to the release of adsorbed P in iron com- 
plexes because of the competition with OH-ions (LUKLEMA, 
1977). However, little information on the effects of pH on P 
sorption processes in natural sediments is available. 

The "natural" content of exchangeable phosphorus, 
as well as its sorption characteristics, was correlated with 
the composition of sediments such as active iron, alumi- 
num and organic material. In turn, the composition of 
sediments has been associated with the chemistry of the 
reservoir, in other words, with hardness, alkalinity and pH, 
among other parameters. 

Importantly, when the "natural" content of phos- 
phorus is significant, the adsorption/desorption processes 
cannot be ignored. When the sediment containing phos- 
phorus gets in touch with water, P is exchanged with water 
at the interface until a dynamic balance is reached. The 
concentrations in the sediment and water are stabilized 
when the exchange from the sediment to water and ex- 
change from water to sediment become equal. 

The purpose of this study is to identify sources and 
natural processes of geological origin that contribute to 
water quality in the Basin and, more specifically, in the Rio 
Verde Reservoir. To this end, we established a network of 
sample collection of different fractions, including: reservoir 
sediments, particulate in suspension in water, and free 
metals in water. Besides the chemical speciation of water 
and sediment in the reservoir, we tried to understand the 
influence of pH, zeta potential, and concentration of met- 
als (free and associated with suspended material) on the 
eutrophic stability of the reservoir. The combination of the 
techniques of trace elements analysis, microanalysis, and 
electrophoretic mobility, can be useful in different acute 
or long-term environmental situations, through a chemical 
fingerprint of heterogeneous materials, such as suspended 
particles coming from anthropogenic activities. Specifically 
in this study, we used the techniques of X-ray fluorescence 
(XRF), electrophoretic mobility, light scattering for sus- 
pended solids and sediment. The identification of the dif- 
ferent species of trace metals in the water body of the res- 
ervoir was investigated by Atomic Emission Spectrometry 
through Inductively Coupled Plasma (ICP-MS). The results 
are interpreted separately and together with the specific 
goal of identifying compounds that can potentially contrib- 
ute to the eutrophication of the reservoir. 


2. METHODOLOGY 

Below we discuss the procedures used for sampling, 
selection of sampling points, sampling steps, sample prep- 
aration and subsequent analysis. 


2.1 SAMPLING POINTS 


Based on available data, such as the map of the Basin 
and geological units, sampling points were defined across 
the reservoir in collaboration with other sub-projects. 
These points were chosen in order to collect material from 
the reservoir on a spatial scale with both horizontal and 
vertical distribution. 

The hydrogeochemical character of the tributary wa- 
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terways of the Rio Verde Reservoir was assessed according 
to the distribution pattern of ionic macroconstituents, total 
concentration of dissolved solids, and pH. 

The hydrochemical characterization of the reservoir's 
tributary basin was established through the analysis of sam- 
ples collected at ten points on rivers. Of the tributaries, four 
are located on the right bank of the basin and four in the left 
bank, in addition to two collection points on the Rio Verde, 
one upstream of the reservoir and one downstream of the 
dam (Figure 2). Two other sample points were added from 
wells; information for these points, including chemical analy- 
ses, were provided by SANEPAR, the Sanitation Company of 
Paraná. P1 corresponds to a 25 m deep well drilled through 
limestone into the karst aquifer and is located in the munici- 
pality of Campo Magro. P2 is a 35 m deep well, drilled 30 m 
into weathered migmatite and 5 m into compact migmatite. 

The location of sample collection points is shown in 
Table 1, which also contains data on the two wells located 
in Campo Magro within the Rio Verde Basin. 

Among the samples collected within the reservoir 
(August and October, 2008), samples were collected at 
points R1, R3, R4 and Border. However, after experimen- 
tal analysis and the results of other sub-projects, we con- 
cluded that point R3 has characteristics similar to point R2 
and, therefore, there was no need to collect from the two 
points. Thus, point R3 was replaced by point R2 in the sam- 
ple collection. Another change made to sample collection 
was the inclusion of a new sample point, R5, the location 
of which was determined by mathematical models that in- 
dicated water stagnation at this site, unlike other points. 

Therefore, five sampling points (R1, R2, RA, R5 and 
Border) were defined and distributed so as to include both 
the central axis and the border of the reservoir based on 
two conditions: the relative homogeneity in the spatial 
distribution and the division between central and lateral 
regions of the reservoir. This last condition was defined so 
that any anthropogenic or natural contribution of the res- 
ervoir borders could be assessed. 

At points R1 and R2, samples were collected at two 
depths: one on the surface (0 m) and the other based on the 
variation of temperature in the stratification in the sample 
point. If the temperature did not significantly vary accord- 
ing to depth, other parameters, such as dissolved oxygen, 
were taken into consideration to determine sample depth. 
At point R4, since it is a point with greater depth, samples 
were taken at four different depths, using the same selec- 
tion criteria mentioned above. At R5, as well as on the Bor- 
der, the collection was only taken on the surface (0 m). Due 
to shallowness of less than 1 meter, the sampling point 
called Border and the other samples taken from the surface 
were collected directly into bottles that were acclimatized 
in the river water. At other depths, water was collected us- 
ing a 2-liter Van Dorn bottle, also previously acclimatized 
in the reservoir water. One-liter bottles used for collection 
were kept in a styrofoam box during sampling. 

At each collection station, a sediment sample was 
taken, using a 30cm "core" collector (an acrylic collector 
with accessories also in acrylic) without any separation 
from the vertical profile. The samples were individually 
packed in polyethylene bags and stored at-5ºC. 
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FIGURE 2 - SAMPLING POINTS IN THE RESERVOIR, RIO VERDE AND TRIBUTARIES 


CHARACTERIZATION OF THE IONIC AND PARTICULATE SYSTEMS IN THE RESERVOIR 


TABLE 1 — LOCATION OF SAMPLING POINTS ON THE RESERVOIR TRIBUTARIES 


COORDINATES 
SAMPLING POINT UTM N UTM E 
F4 — Rio Verde upstream 654,092 7,181,394 
F5 — Rio Verde downstream 646,923 7,175,449 
D3 - Right bank tributary 651,645 7,180,142 
D4 - Right bank tributary 650,470 7,180,837 
D5 - Right bank tributary 650,197 7,178,142 
D6 - Right bank tributary 648,727 7,178,315 
E8 – Left bank tributary 654,464 7,180,706 
E10 - Right bank tributary 653,316 7,178,637 
E12 — Right bank tributary 651,483 7,177,965 
E13 - Right bank tributary 650,605 7,176,454 
E14 — Right bank tributary 649,869 7,175,145 
P1 — Well in the Atuba Complex in Campo Magro 662,882 7,191,785 
P2 — Well in the Karst Aquifer in Campo Magro 656,139 7,193,391 


2.2 SAMPLE PREPARATION 


Samples of river water were collected on September 
10, 2008, in 1000 ml bottles of virgin polyethylene, packed 
in polystyrene boxes containing ice and sent to the labora- 
tory within 24 hours. 

Samples of suspended particulate material for XRF 
analysis were prepared in the laboratory using vacuum 
filtration of 500 ml of collected water in polycarbonate 
membranes with porosity of 0.4 um (Nucleopore filters). 
The filtrate was collected in amber bottles and kept refrig- 
erated for later analysis using ICP-MS. 100 mL of water 
without any previous treatment were stored and kept re- 
frigerated for analysis by electrophoretic mobility and par- 
ticle size distribution. 

For analysis, sediments were thawed at room tem- 
perature. About 20 grams of the sample were disaggre- 
gated in deionized water for 10 to 20 minutes with addi- 
tion of sodium pyrophosphate. Suspension was transferred 
to a cylinder, filled with water and was left to stand for 
two hours. The supernatant was then collected, dried in 
an oven at 550?C for two hours, and analyzed according 
to the X-ray powder diffraction method. The sedimented 
material was dried at room temperature over an aluminum 
sample holder and analyzed using the X-ray powder dif- 
fraction method. The same dry sediment was also analyzed 
using X-ray fluorescence. 


2.3 ANALYSES 


In the Hydrogeological Research Laboratory (LPH) at 
the Federal University of Paraná (UFPR), the following vari- 
ables were analyzed according to internationally accepted 
standards (APHA, 1998): pH, conductivity, total alkalin- 
ity, phenolphthalein alkalinity, carbonate, bicarbonate, 
chloride, sulfate, nitrate, sodium, potassium, calcium, and 
magnesium. 

The value of the concentration of each ion presented 
in то." was converted to a per liter equivalent, where cat- 
ions formed one group and anions another. This ion distri- 
bution led to the construction of a composite diagram for a 
ternary diagram representing both the cationic distribution 
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and the anionic distribution. Orthogonally projecting the 
points of the triangle of cations and the points of the anion 
diagram in a square, a Durov diagram was formed (DU- 
ROV, 1948) (Figure 3). In view of the presence of sulfate 
«1 то. and the constant presence of nitrate, the value 
of this last anion was added to the axis occupied by sulfate 
in the diagram. 
The modified Durov diagram was supplemented with 
a xy diagram correlating the variables ionic conductivity 
and relation in equivalents Na+ (Ca, +). 

Thus, it was possible to evaluate the hydrochemi- 
cal character of water, assess the possibilities of mixtures 
among different waters, and also comment on the rela- 
tionship between water and the rocks with which they 
have been in contact. 

nformation concerning the elemental mass concen- 
tration (bulk) was provided by the dispersive energy of X- 
ray fluorescence (XRF). Measurements of suspended mate- 
rial filtered in the Nuclepore membranes were performed 
using an Epsilon-5 (PANalytical, Almelo, The Netherlands). 
The non-destructive quantitative analysis of the elements 
was made using the aluminum. The surface potential data 
were obtained using the zeta potential analysis technique 
in the Malvern Zetamaster. The measurements were made 
in the standard module of the equipment using as the con- 
version factor the zeta potential F (Ka) = 1.5 (Smoluchows- 
ki factor for conductive dispersions). Samples were shaken 
vigorously prior to analysis. The particle size distribution 
was measured after vigorous agitation by dynamic light 
scattering with the Malvern Zetamaster. 

For ionic speciation of metals AI, B, Fe, Mg, Zn, Ca 
and Na, an optical emission spectrometer with plasma in- 
ductively coupled with radial configuration (Liberty Il, Var- 
ian Mulgrave, Australia) was used; in the determination 
of K, an atomic absorption spectrometer (220FS, Varian 
Mulgrave, Australia) was used. To determine other metals, 
a mass spectrometer with inductively coupled plasma (810- 
MS, Varian Mulgrave, Australia) was used. 

The X-ray diffractograms of the compounds were ob- 
tained on a PHILIPS PW 1830 diffractometer with scanning 
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in the range of 3-70 degrees 20, using K, radiation of cop- 
per and graphite monochromator. Based on the x-ray dif- 
fraction reflections of the polycrystalline sample collected 
from the respective diffraction patterns, the d,, interplanar 
distances were calculated using Bragg's equation. Compar- 
ing the dhkl values obtained with the amounts listed in the 
ICDD (International Centre for Diffraction Data) records, 
we can find information about the crystalline phases pres- 
ent in the samples analyzed. Samples were submitted to 
X-ray diffraction as a total sample and also following treat- 
ment with ethylene glycol, preferential orientation and 
heating at 550°С for two hours. 


3. RESULTS AND DISCUSSION 


3.1 HYDROGEOCHEMICAL 
CHARACTERIZATION 


The lithological profile on which the Rio Verde Hy- 
drographic Basin is established is roughly the same as the 
Passaüna River Basin and this similarity refers both to the 
chemism of the water and the variables discussed herein. 
Meger (2007) and Meger et al. (2007) found a distribution 
of ion macroconstituents similar to the one identified in 
this study (Table 2). This fact results from very similar geo- 
chemical aspects occurring in both basins. One difference 
noted between the water of the tributaries of the Passaüna 
Reservoir and Rio Verde is that all Passaüna tributaries have 
a mixed-bicarbonated characteristic, while in the case of 
Rio Verde, water from all sampling points is bicarbonated, 
ranging from calcic to mixed. Some left bank tributaries are 
calcic-bicarbonated. 

Since the headwaters of the Rio Verde are fed by 
water with a composition directly influenced by the disso- 
lution of carbonate rocks and as it is the main tributary, the 
karst section of the basin is the key factor in the reservoir's 
chemism. A sample taken from a well contains calcium 
and magnesium, a general characteristic of the waters of 
the karst aquifer in Paraná (HINDI, 1999), established in 
dolomitic marble, rocks in which calcium and magnesium 
predominate over other macroconstituents. 

The individual contribution of each lithology that 


composes the Atuba Complex is not overly evident in Fig- 
ure 3, since variation in the chemical composition between 
them is relatively small. These are minerals from the same 
families with minor variations in the proportion of constit- 
uents that have been subjected to the same weathering 
conditions. 

Despite the compositional similarity between the wa- 
ter from the left and right bank tributaries, the Ca?*/Mg?* 
ratio is evidence of the greater contribution of silicate rocks 
plus magnesia in the left portion of the basin. This aspect 
can be viewed in the triangle of cations in Figure 3, built on 
values listed in Table 3. While the Ca?*/Mg?* ratios of the 
right bank tributaries vary between 2.3 and 3.1, the left 
bank tributaries range between 1.6 and 2.1. 

In the Guabirotuba Formation, the calcitic levels are 
common and magnesium is largely fixed to the structure of 
montmorilonitic clays. This lithology is probably responsible 
for the more calcic characteristic of water at points D3 and 
DA. 

Figure 3, in the extension of the modified Durov dia- 
gram, express the variable dissolved material concentration 
through conductivity. Here, the higher solute concentra- 
tion in groundwater from the upper portion of the basin 
is evident, which would be expected and which affects the 
concentration of the Rio Verde at its entry into the reservoir 
at point F4. Waters with less solute loads were found at 
point D5, followed by E14. 

The inverse relationship between calcium and sodium, 
in this case, does not indicate ion exchange processes since 
less conductive waters are more sodic and more conductive 
waters are calcic-magnesic. This is another indication of the 
lithological control on the water quality of the system. The 
behavior of the Nat (Ca?*)* relation becomes more evident in 
the supplement to the diagram in Figure 1, where the follow- 
ing distribution is indicated: Na*x(Ca?*)'- 275.3 conductivity 
1.541, with r? 2 0.9284. This relationship was evaluated ig- 
noring point P2, which has a very different behavior from the 
others and reflects peculiar local conditions. 

The values of nitrate ion found for surface water be- 
low 0.9 mg.L! contrasted with the 4.6 mg.L" found in well 
P1, which indicates the vulnerability of the karst aquifer to 
point source contamination. 


TABLE 2 — pH VALUES, ION CONDUCTIVITY AND ION MACROCONSTITUENTS (mg.L') OF WATER BODIES IN THE RIO VER- 
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TABLE 3 - ION MACROCONSTITUENT VALUES IN PERCENTAGE OF EQUIVALENTS PER LITRE FROM WATER BODIES IN THE 
RIO VERDE BASIN 


F4 50.94 31.77 17.29 80.76 3.99 15.24 
F5 53.23 22.40 24.37 82.25 3.11 14.64 
D3 49.84 21.23 28.93 85.70 5.80 8.50 
D4 57.26 16.26 26.48 80.98 6.11 12.91 
D5 45.24 14.66 40.10 88.21 3.94 7.85 
D6 53.98 23.75 22.27 86.18 7.28 6.53 
E8 45.98 25.69 28.32 76.84 3.42 19.74 
E10 51.67 24.62 23.71 87.30 4.25 8.45 
E12 45.37 27.69 26.95 86.71 3:11 10.17 
E13 44.95 32.66 22.40 82.78 5.86 11.36 
E14 44.90 21.42 33.68 76.23 5.10 18.67 
P1 50.60 46.70 2.79 95:11 2.92 1.97 
P2 36.50 36.23 27.8 77.31 5.80 13.82 


Note: In P2 sample, the values for 96 (Na*--K*) were obtained from the ionic balance. 
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FIGURE 3 - MODIFIED DUROV DIAGRAM, REPRESENTING THE COMPOSITION OF 
IONIC MACROCONSTITUENTS IN WATER BODIES OF THE RIO VERDE BASIN 
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Also with respect to the concentrations of anionic 
species, low sulfate values are caused by the limited pres- 
ence of sulfides in the rocks, whether they come from the 
Capiru Formation, Atuba Complex, or mainly the Guabiro- 
tuba Formation. In the case of sedimentary rocks, whether 
metamorphosed or not, it would be reflective of sedimen- 
tary environments with oxidant features. 


3.2 CHEMICAL COMPOSITION OF 
PARTICULATE MATTER 


The total metal concentration was measured in the 
water of the Rio Verde Reservoir using the Dispersive En- 
ergy X-ray Fluorescence technique. Twenty elements were 
identified in the samples and the results of this analysis are 
expressed in ug/L". 

In the analysis of the total particulate (bulk), in abso- 
lute terms, six elements showed high concentrations that 
could be presented herein in micrograms per liter, Table 4. 

In general, in the first two samples, the results ob- 
tained using XRF with samples from the point called Border 
are lower than those obtained for point R1 at both depths; 
however, when the concentrations are compared with oth- 
er points, the concentration profile is the same. However, 
the sample collection for the month of April 2009 shows 
that the Border concentrations are higher than at other 
points, except for point R4 IV, which has a high concen- 
tration for most of the studied elements. This is expected 
since R4 IV is the deepest sample point of the study with 
a depth of 9.5 m. From this sampling period, we noted a 
more pronounced variation of concentration at the differ- 
ent sampling points. An example of this is the difference 
in concentrations of Ca from the sampling points during 
this collection period. While point R1 presents 9.0ug.L" of 
Ca, at point R4 IV the concentration reaches 1988.8yg.L". 
In the month of May, the concentration profile was again 
similar between the sampling points, with slightly higher 
concentrations at point R1 (0 m) and R1 (3 m). Compar- 
ing the results of samples collected in August and Octo- 
ber 2008, we find that concentrations are similar. On the 
other hand, if compared with the results from April and 
May 2009, we find a significant increase in the concentra- 
tion of some elements such as Ca, Fe, Mn, Si and Ti. Fe 
concentration at the Border sample point in the months 
of August and October 2008 was 367.3 рд. and 252.7 
ug.L', respectively. In the following sample period, this 
value reached 6685.9 ug.L! in April and 2748.9 рд." in 
May. A similar study was carried out by Meger et al. (2007) 
in the of Passaüna Reservoir, in the Metropolitan Region of 
Curitiba. Comparing the results obtained in the first two 
samples from the Border sample of the Rio Verde Reservoir 
with the of Passaüna Reservoir, we see that the concen- 
tration increased up to ten times for some non-majority 
elements; however, considering the similar geology of the 
two reservoirs, these results were expected. 

From the August sample at point R1, concentrations 
are similar across a depth of 0 and 4 meters. This profile 
is not the same for R1 from the October sample. In this 
second sample, the elemental values are slightly higher at 
a depth of 4 m, which is supposedly due to the effect of 
gravity. Such a concentration profile is repeated for points 


Downloaded from http://iwaponline.com/ebooks/book-pdf/868060/wio9781780406480.pdf 
bv IWA Publishina. publications(Diwap.co.uk 


КЗ and R4. The same pattern is found in the sampling of all 
points in May. On the other hand, in the April collection, it 
is not possible to define a profile, because the concentra- 
tions vary across the elements analyzed and sample points. 
At point R4, during the 2008 collection, concentrations 
were similar across all studied depths, Om, 2.5 m, 5 m, 
7.5 m in August, and Om, 5 m and 7.5m in October. In 
April 2009, the concentration variation increased with an 
increase in depth for most of the studied elements. The 
only exceptions to this behavior were selenium, which pre- 
sented its highest concentration at 4.5 m, and aluminum 
and copper, which maintained a similar concentration at 
different depths. In the samples from May 2009, concen- 
trations of chromium and nickel varied decreasingly with 
depth. Calcium showed a higher concentration in R4 (2m) 
with 252.1 ug.L", while at other depths, the concentration 
was about 18.4 ug.L". The concentrations of the other ele- 
ments remained constant. At point R5, results remained 
almost the same, with a slight increase in the measured 
concentration in May compared to April. At the Border, the 
only elements that had a constant concentration were CI 
and S, the others varied across the four sampling periods, 
with the highest concentration of those elements obtained 
in April 2009. 

Based on Table 1, it is evident that the suspended 
material mainly contains Fe and Al, which are key compo- 
nents of some of the more stable mineral structures formed 
during the weathering process. As far as mineral compo- 
nents are concerned, the formed organic phases and the 
complexed soluble fraction must be taken into account. 
Minerals that contain Fe and Al have been considered the 
main determinants of the adsorption capacity because of 
the significant surface area of its compounds, especially 
oxides, hydroxides and oxyhydroxides. Therefore, further 
analysis of active Fe and Al should be performed because 
the proportion of active Al and Fe is probably related to 
organic matter, trophic state, and water chemistry at the 
sampling point. 

Mn, an element primarily released from ferromagne- 
sian minerals, easily forms in surface oxidizing conditions, 
hydroxides, oxides and oxyhydroxides, all with great ad- 
sorption potential. Contrary to Al and Fe that are dissemi- 
nated in the soil, Mn is more heterogeneous, which can 
explain the large variations in concentration in the particu- 
late form, considering different erosion and transport rates 
at different locations in the basin. 

Table 5 compares the measured average elemental 
concentrations in the Rio Verde Reservoir as well as in the 
Passaüna Reservoir, which have very similar geological fea- 
tures. 

Comparatively, the average concentrations of major- 
ity elements in the Rio Verde and Passaüna Reservoirs are 
of the same order of magnitude, except for Fe, Ca, Mn, 
Si, which obtained average concentrations considerably 
higher in the months of April and May 2009. The minority 
elements, CI, S, Ti, Zn and P found in Rio Verde, are dif- 
ferent from the average values found in the Passaüna Res- 
ervoir. The analyses conducted in the Passaüna Reservoir 
were based on only a few samples; therefore, the average 
values cannot be deemed definitive. 
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TABLE 5 - ELEMENTAL CONCENTRATIONS FOUND IN THE RIO VERDE AND PASSAUNA RESERVOIRS IN ug/L 
ELEMENTAL CONCENTRATION OF THE RIO VERDE AND РА55АОМА RESERVOIRS – XRF 
RIO VERDE PASSAÜNA 
Elements August 2008 October 2008 April 2009 May 2009 January 2006 

AL 296 309 155 251 240 
As 0.3 0.3 0.3 0.3 n.d 
Ca 21:5 15.8 319.4 127.3 27.7 
CI 8.2 7.4 10.2 8.9 1.0 
Gr 0.5 0.6 1.0 0.7 0.4 
Cu 1.5 1.4 0.5 0.4 0.4 
Fe 232 282 6962 3442 322 
K 15.8 11.7 36.5 56.9 28.7 
Mn 49.0 24.4 4600 1233 21.8 
Ni 0.1 0.3 0.1 0.2 0.1 
P n.d n.d n.d n.d 6.3 
Pb 151 1.0 0.3 0.4 1.2 
5 7.4 5.0 8.0 6.8 11.3 
Si 670 399 2616 3685 323 
Sr 0.2 0.2 0.5 0.3 

Ti 9.2 11.2 142.1 41.8 16.1 
V 0.4 0.5 1.0 0.6 0.6 
Zn 1.4 1:3 24 1.2 3.1 


* Data presented іп ug/ 


The average of phosphorus (P) in the Passaüna Reser- 
voir was 6.3 рд." and the highest concentration was 27.9 
ug.L*; however, this element was not identified during the 
four sampling episodes conducted in the Rio Verde Reservoir. 
This is a factor in favor of the maintenance of the oligo-meso- 
trophic conditions of the reservoir. Considering that domestic 
and industrial sewage are among the main artificial sources 
of phosphorus, it can be inferred that the contribution of 
this element from anthropogenic sources is quite low. The 
average concentration of sulfur (S) of 7.4, 5.0, 8.0 and 6.8 
ug.L" found in the Rio Verde Reservoir is up to two times 
less than the average concentration found in the Passaüna 
Reservoir (11.30.17). The increase in sulfur concentrations in 
various lakes has been attributed to the transport of gases 
and particulate matter containing sulfur in the atmosphere 
and subsequent precipitation with rainfall (ESTEVES, 1998). 
The concentrations of zinc (Zn) in the suspended material var- 
ied; the average from the four sampling episodes were 1.4, 
1.3, 2.1 апа 1.2 ug.L", which is lower than the average of 
3.1 рд." found in the Passaüna Reservoir. These values аге 
compatible with various aquatic environments, as noted by 
Esteves (1998), including the lakes Jacaretinga, Calado, Cas- 
tanho and Taruma-Mirim, in the Amazon, with 2.2 ug.L', 3.0 
ug.L', 2.9 ug.L!, and 4.0 ug.L", respectively. Studies on the 
Mogi-Guaçu River (MG/SP), on the other hand, show com- 
paratively high values above 30 ро. and reaching 200 ug.L 
! thus demonstrating the anthropogenic effects on its study 
area. These levels are already having chronic toxic effects on 
fish. For humans, zinc accumulates in the liver, prostate, pan- 
creas, pancreatic juice and seminal fluid. In human tissues, 
its concentration ranges from 10 to 200 mg.L', the highest 
accumulation found was in the retina and in the prostate, 
between 500 апа 1,000 mg.L' (ESPINDOLA et al. 2003). The 
significant presence of manganese is common and its sources 
are ferromagnesian minerals that have been weathered and 
transformed into oxidized forms mainly present in soils 
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3.3 ELEMENTAL COMPOSITION OF THE 
DISSOLVED PHASE 


The study of the distribution pattern of trace ele- 
ments helps us to understand the geochemical processes 
controlling the hydrochemistry of river systems (ZHANG 
& SELINUS, 1997). Using the methods of ICP-OES and 
ICP-MS, this study proposes an estimation of the load of 
suspended solids and the concentration of trace elements 
and higher across the Rio Verde reservoir to identify the 
probable natural and anthropogenic sources of each ele- 
ment. Tables 6 and 7 indicate the concentrations of the 
main metals found in both surface water and in the water 
column in terms of the month of the year. 

In general, concentrations of each component ana- 
lyzed were similar at different points and depths in the 
reservoir for both samples collected in August and Octo- 
ber, 2008. It is clear, however, that some elements indi- 
cated concentration values higher than others. In the August 
samples, when Ca, Mg, Na and K were not analyzed, we 
can see that silicon (Si) showed an average concentration of 
3.53 mg.L^, while other elements such as silver (Ag) and cop- 
per (Cu) had concentrations ranging from 0.0001 mg.L' to 
0.0016 mg.L", respectively. In the October samples, cal- 
cium (Ca), magnesium (Mg), sodium (Na), potassium (K) 
and silicon (Si), showed concentrations greater than the 
evaluated group. Variations found between abundant ele- 
ments in the particulate matter and dissolved in the water 
column are directly associated with the crystallinity/solubil- 
ity of suspended minerals. 

Table 8 shows the comparison of the average con- 
centrations found in the Rio Verde Reservoir with other 
reservoirs from within Brazil and worldwide. 

Comparing the results, we note that the average 
concentrations in the Rio Verde Reservoir are similar to the 
average concentrations found in the reservoirs of Garonne, 
Dordogne and Isle in France, as well as The Balaton located 
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in central Europe. The values calculated for the Iraí Reservoir 
were also similar, with a discrepancy only in the case of man- 
ganese (Mn), which showed a concentration of 0.03 то." 
at Iraí and 0.0008 то." in August, and 0.000008 mg.L" in 
October at Rio Verde. We can see extremely high concen- 
trations of calcium (Ca) and sodium (Na) in the Wills Creek 
Reservoir in Ohio, USA. The average concentrations of these 
elements аге 7.98 mg.L' and 3.86 mg.L" in Rio Verde and 
8.7 and 15.9 mg.L' in the Bangpra reservoir in Thailand, re- 
spectively. In Ohio these concentrations are of 78 тод." and 
93 mg.L', respectively; this is due to a drainage abatement 
project in a coal mine located in the vicinity of the reservoir. 


The reservoirs of Funil in Itatiaia, Rio de Janeiro, Tu- 
curuí in Paraiba, and Água Fria in Barra da Choca, Bahía, 
Brazil, showed concentration levels higher than those 
found in Rio Verde. The Funil Reservoir is the most con- 
taminated, with concentrations of aluminum (Al), arsenic 
(As), chromium (Cr), iron (Fe), manganese (Mn) and nickel 
(Ni) above the limits allowed by CONAMA. 

The Billings reservoir in Braço do Rio Grande, São 
Paulo, stands out negatively due to the high concentration 
of all elements analyzed. This is because it is located in the 
Alto Tieté Basin. In the 1940s', water from the Tieté River 
and its tributaries was diverted to increase the flow of the 


TABLE 6 — RESULT OF HEAVY METAL ANALYSIS BY ICP-OES AND ICP-MS — AUGUST 2008 


Ag 0.02 0.03 0.01 0.01 0.01 0.02 0.0035 0.01 0.01 
As 0.16 0.18 0.19 0.16 0.19 0.16 0.15 0.11 0.18 
Ba 22.9 26.1 25.8 25.9 25.7 26.5 26.2 26.5 26.7 
са 0.01 0.03 0.03 0.03 0.01 0.01 0.09 0.04 0.05 
Со 0.05 0.12 0.10 0.07 0.05 0.37 0.17 0.04 0.05 
Cr 0.45 0.67 0.44 0.47 0.39 0.38 0.36 0.37 0.46 
Cu 0.99 3.69 2.12 1.39 0.78 1.24 1.19 0.83 2.62 
Hg 0.48 «DL «DL «DL «DL «DL «DL «DL «DL 
Li 0.23 0.33 0.22 0.24 0.21 0.31 0.19 0.21 0.26 
Mn 2.66 1.46 0.73 0.51 0.20 0.31 0.55 0.37 0.30 
Mo 0.15 0.30 0.18 0.14 0.33 0.23 0.17 0.13 0.13 
Ni 0.29 1.28 0.70 0.53 0.32 0.33 0.37 0.27 1.23 
Pb 0.33 0.50 0.36 0.26 0.22 0.21 0.33 0.22 0.30 
Sb 0.18 0.10 0.18 0.14 0.19 0.18 0.18 0.19 0.18 
Si 3863 3847 4229 3204 3510 3335 3221 3331 3208 
Sn 0.27 0.26 0.21 0.22 0.21 0.19 0.22 0.19 0.17 
Ti 0.43 0.43 0.43 0.31 0.35 0.27 0.36 0.35 0.38 
V 0.17 0.24 0.23 0.22 0.21 0.21 0.19 0.20 0.21 


** < DL below the detection limit 


TABLE 7 — RESULT OF HEAVY METAL ANALYSIS BY ICP-OES AND ICP-MS — OCTOBER 2008 


0.23 0.33 
Mn 2.66 1.46 0.73 0.51 0.20 0.31 0.55 0.37 0.30 
Mo 0.15 0.30 0.18 0.14 0.33 0.23 0.17 0.13 0.13 
Ni 0.29 1.28 0.70 0.53 0.32 0.33 0.37 0.27 1.23 
Pb 0.33 0.50 0.36 0.26 0.22 0.21 0.33 0.22 0.30 
Sb 0.18 0.10 0.18 0.14 0.19 0.18 0.18 0.19 0.18 
Si 3863 3847 4229 3204 3510 3335 3221 3331 3208 
Sn 0.27 0.26 0.21 0.22 0.21 0.19 0.22 0.19 0.17 
Ti 0.43 0.43 0.43 0.31 0.35 0.27 0.36 0.35 0.38 
V 0.17 0.24 0.23 0.22 0.21 0.21 0.19 0.20 0.21 


** < DL below the detection limit 
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dam. Needless to say, the river is in critical condition due to 
the release of residential pollutants and industrial contami- 
nants. Analyzing the quality of water based on the con- 
centrations of dissolved heavy metals measured at several 
points, we found "subtle" changes in the concentrations 
of a particular metal. This observation is valid both when 
comparing surface points and points at different depth. 

For purposes of supply, the Ministry of Health (Ordi- 
nance no. 518, March 25, 2004) established the responsi- 
bilities and procedures for the control and monitoring of 
water quality for human consumption and its drinkability 
standards. This rule defines drinking water as water for 
human consumption of which microbiological, physical, 
chemical and radioactive parameters meet the drinkability 
standards and offers no health risks. In totaling the con- 
centrations of the elements analyzed by XRF and ICP, the 
contribution of solid and dissolved parts, respectively, with 
the total amount of heavy metals present in the Rio Verde 
Reservoir, we did not observe levels of heavy metals above 
those outlined in the Ordinance. 


3.4 SURFACE POTENTIAL 


When sediment comes in contact with water, the 
constituent elements of the sediment exchange with the 
water at the interface until the dynamic balance is reached: 
processes of adsorption/desorption and precipitation/dis- 
solution. This equilibrium is usually described as the Lang- 
muir adsorption isotherm (Weber et al. 1991). 


3.4.1 Importance of Zeta Potential for stability 
formulation 


When small particles collide, they can be induced 
to aggregation. These collisions can be minimized in two 
ways: steric and electrostatic repulsion. In the absence of 
the steric effects of colloidal protection, stability of colloi- 
dal systems is determined by the balance between attrac- 
tive and repulsive forces experienced by the particles when 
they approach each other. If repulsion is mutual, dispersion 
will resist flocculation. If there is no repulsion, flocculation 
or coagulation could occur. 

pH, electrostatic repulsion and stability formulation 
is outlined with the examples below. The general rule for 
electrostatic stability is determined by the value of Zeta po- 
tential of + /-30 mV (Figure 4). 

A large number of physical and chemical parameters 
directly influence the zeta potential of the particulate material 


STABLE 


UNSTABLE 


Zeta Potential (mV) 


STABLE 


pH 
FIGURE 4 — ZETA POTENTIAL VARIATION WITH pH 
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suspended in water in systems with a homogeneous mineral- 
ogy. The chemical parameters that can be modified include 
the addition of solutes such as: metal salts, salts of electrolytes 
that alter the ionic strength of the medium (NaCl, NaNO3, 
КС), and pH variation. Among the physical parameters, the 
temperature and viscosity of waters can be included. 


3.4.2 The effect of pH and Phosphorus 
preferential sorption species 


The adsorption of phosphorus in adsorbents is deter- 
mined by the surface load and the state of protonation of 
phosphorus in the aqueous medium. Studies of soils and 
sediments in the laboratory show that the absorption of 
phosphorus varies with pH, but there is little information 
available on the direct effects of pH on the sorption of P 
in lake sediments. In the short term, the phosphorus cycle 
is related to variations of pH in the equilibrium of sorption 
and kinetics and, in the long term, on the effects of acidi- 
fication on rates of biological mineralization and sediment 
composition. In most systems, the sorption of anions, such 
as phosphate, decreases with increasing pH and the sur- 
face load becomes more negative. However, the effect of 
pH on the adsorption of phosphorus cannot be generalized 
and depends on each system. 

The amount of adsorbed P and the zeta potential of 
the sediment particles apparently do not show any direct 
relationship. That is, when a negative zeta potential be- 
comes more negative, the amount of P sorbed remains at 
the maximum until a certain pH is reached, instead of de- 
creasing rapidly due to electrostatic repulsion as expected. 

In fact, the adsorption of phosphorus must be as- 
sessed by observing both the chemical nature of the sedi- 
ment, that is, the adsorption process in relation to chemical 
affinity, and the electrostatic interactions in the sediment- 
water interface. 

Thus, an evaluation of the electrokinetic profile and 
pH of the suspended material was made at different points 
and depths of the reservoir. The results obtained from dif- 
ferent sampling points are shown in Table 6 and subse- 
quent figures; they aim to illustrate the zeta potential as a 
function of the depth profile and pH. The general trend of 
reduction of the zeta potential with the increase of pH was 
confirmed (Table 6). 

The higher the zeta potential, the greater the repul- 
sive forces and the more stable the colloidal systems, Zeta 
potential of +/-30 mV. The results of this research indicate 
that the zeta potential varies from -15 to -40 mV in the 
reservoir in the samples collected in 2008. Thus, only two 
points, КЗ (0 m) and R4 (2.5 m), taken in August, and point 
R3 (0 m), in October, can be considered as regions with 
colloidal stability (Figure 3). However, the fact that the pH 
in the same sampled points differs when the sampling peri- 
ods are compared must be taken into consideration. Other 
relevant information is that the average particle diameter 
also differs when comparing the sampling places and pe- 
riod. Such changes between the August and October may 
be related to the fact that weather conditions in the two 
samples were different. While, in August, we had a lot of 
rain during the week prior to the sample collection, in Oc- 
tober, it was a sunny day. 
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TABLE 9 — ZETA POTENTIAL AND PH OF SUSPENDED MATTER SAMPLED IN DIFFERENT STATIONS OVER 2008-2009 


р R RA RA RA RA R 

SAMPLING POINTS | Margin Tune o tae sm es eo 
Aug Zeta Potential (mV) -21,9 | -19,4 | -29,3 | -19,1 | -17,5 
2008 7,2 7,2 7,0 6,8 6,7 

October| Zeta Potential (mV) -16,4 | -19,2 -39,3 -13,6 

2008 pH 74 £l 7,5 7,4 7,2 7,4 P 6,4 
April Zeta Potential (mV) -92 |-146 | -7,0 0,2 -13,1 | -14,3 -9,9 | -11,6 | -14,0 
2009 pH 7,4 7,3 7,4 7,2 7,3 7,3 7,2 6,5 7,4 
Мау Zeta Potential (mV) -14,0 -11,3 | -11,7 | -13,4 0,9 -8,6 -9,9 -9,6 -10,1 
2009 pH 7,4 2 7,2 7,2 7,0 7,0 7,0 7,1 7,4 
June Zeta Potential (mV) -14,4 | -15,7 | -16,4 4,0 -16,2 | -15,6 | -15,2 | -14,8 | -12,0 
2009 pH 7,3 7,4 7,4 7,4 7,1 7,2 721 FS 7,3 
July Zeta Potential (mV) -14,9 -15,0 | -14,6 | -15,6 15,9 -12,0 | -13,6 | -14,1 -13,8 
2009 pH 7,4 7,3 7,4 7,4 7,0 7,1 TAJ 7,0 


The results of the zeta potential of the 2009 samples 
range from -7 to -16.4mV and they are more unstable, 
as there is no point from any of the four samples which 
is in the stability range. We must consider, however, that 
point R3 (0m), in which colloidal stability was verified in the 
2008 samplings, was not sampled in the subsequent year. 
In August and October 2008, we observed lower values 
of pH at greater depths: 6.8, 6.7 and 6.4, from RA III (bm) 
and RA IV (7.5 m) in August, and R4 IV (7.5 m) in October, 
respectively. This pattern was only confirmed in the sample 
from April 2009, in which the pH was 6.5 for R4 IV (9.5 m). 
In the other samples, the pH values showed little variation 
ranging from 7.0 to 7.4. 

The results of average diameters (nm) showed sig- 
nificant fluctuations. They varied among the different 
sampling points, depths, and dates of collections, and we 
did not see any relationship between these changes and 
the pH, zeta potential, or climatic conditions. In general 
terms, the negative zeta potential can be associated with 
the adsorption of organic acids. This information is relevant 
because the suspension of particulate material in the reser- 
voir, as well as subsequent treatments and filtration, will be 
impacted by tendencies of surface potential due to natural 
and anthropogenic events occurring in the reservoir and/or 
tributaries. The zeta potential measurements in this study 
were similar to the variations expected in surface water. 
The zeta potential in the waters of the Rio Verde Reservoir 
did not show a definite trend with respect to pH. 


3.5 SEDIMENT COMPOSITION 


Sediment samples collected at the four sampling 
points within the reservoir were subjected to X-ray dif- 
fraction for mineralogical determination and X-ray fluores- 
cence to assess its chemical composition. 

In all samples, kaolinite and quartz were identified as 
major mineral components (Figure 5). Gibbsite aluminum 
hydroxide and goethite iron oxyhydroxide were found in 
all samples. Other phyllosilicates such as chlorite and mus- 
covite or illite were detected in the samples subjected to 
treatment. In samples R1, R2 and R3, the presence of a 
clay mineral with ratio Si:Al of 2:1 was found, probably a 
montmorillonite. At sample point R3, the results indicate 
the presence of chlorite. 
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The entire mineralogical framework indicates the 
prevalence of detritus material or material generated dur- 
ing the weathering of the basin rocks, or composed of re- 
sistate minerals, the latter present in soils as components 
of the original rocks. Quartz, muscovite/illite, and probably 
chlorite would be present in the original rocks, while ka- 
olinite, goethite, and gibbsite were generated mainly in 
soils and weathered mantle of rocks. 2:1 minerals, in turn, 
originate most likely in sedimentary rocks of the Guabiro- 
tuba Formation and to a lesser extent may also come from 
weathered biotite bands of gneissic rocks. 

As for chemism (Table 10), the gradual increase of 
silica in the sediments, from upstream to downstream, is 
noteworthy (Figura 6). This behavior can be linked to the 
deposition of diatoms formed in the lake and progressively 
precipitated downstream, in the lake itself. Iron content 
has a contrasting behavior, as it is higher in R1 than in R4. 
In this case, higher levels upstream can be understood as a 
reflection of the higher density of ferruginous compounds, 
products of basin erosion, which are transported by the 
Rio Verde and tend to precipitate with the loss of transport 
capacity within the lake. 


TABLE 10 - CHEMICAL COMPOSITION OF SEDIMENTS 


SAMPLING POINTS 
COMPOSITION % 
R1 R2 R3 RA 
SiO 36.1 40.6 44 50.5 
ALO, 25 24.8 25.9 21.4 
VERUS 21 | 186 | 188 | 148 
(loss on ignition) 
Ғе,0 15.3 13.4 8.3 9.5 
K,O 0.5 0.3 0.4 1.3 
TiO, 0.8 11 12 | 09 
MgO 0.4 0.3 0.5 0.5 
SO 0.2 0.2 0.1 0.3 
Р,0, 0.3 0.2 0.3 0.2 
CaO 0.2 0.1 0.2 0.1 
BaO 0.1 0.1 0.1 0.1 
MnO 0.1 0.1 0.2 0.1 
CeO, 0.1 
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FIGURE 5 — X-RAY DIFFRACTION (CUKA) OBTAINED FROM NATURAL SEDIMENT SAMPLES COLLECTED 
IN THE RIO VERDE RESERVOIR 
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FIGURE 6 - VARIATION IN THE CHEMICAL COMPOSITION OF CHEMICAL MACROCONSTITUENTS IN THE 
SEDIMENTS OF THE RIO VERDE RESERVOIR 
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The decrease in the amount of volatiles is interpreted 
as a consequence of the more rapid deposition upstream 
of larger vegetal debris carried from the hydrographic ba- 
sin to the lake by the main tributary. 

Less abundant elements, such as phosphorus, do not 
show regular variation, which is also the case for Ti, Mg, 
S, Ca, Ba, and Mn. The presence of cerium, in amounts 
detectable by the methodology employed, is not pecu- 
liar considering the significant presence of rare-earths in 
the Guabirotuba Formation first mentioned by Coutinho 
(1955). 


4. CONCLUSIONS 

Information generated in this study on ionic macro- 
constituents, su
Lehrerbildung relevant sind (für einen Überblick vgl. Rieckmann & Holz, 2017, S.7£.). 
Wie handlungswirksam die darin enthaltenen, zumeist auf einzelne Fachbereiche be- 
schränkten Bestimmungen sind, ist jedoch fraglich. In den für die Ausbildung und 
Prüfung von Lehrkräften verbindlichen Gesetzen bzw. Verordnungen kommt der 
BBnE insgesamt noch eine untergeordnete Stellung zu (vgl. Rieckmann & Holz, 2017, 
S.7 ff). 

In der wissenschaftlichen Diskussion um die Umsetzung von Nachhaltigkeit in 
(beruflichen) Bildungsprozessen gewinnen Fragen der Modellierung nachhaltigkeits- 
bezogener Kompetenzen von Lehrkräften und ihrer Entwicklung ebenfalls an Bedeu- 
tung. Dies spiegelt sich in einer zunehmenden Anzahl an Ansätzen zur Beschreibung 
der Kompetenzen von Lehrenden wider. Die Mehrheit der Arbeiten ist allerdings der 
allgemeinen Lehrerbildung zuzuordnen und dabei zumeist disziplin- und/oder ziel- 
gruppenübergreifend angelegt (z.B. Hellberg-Rode & Schrüfer, 2016; Reinke, 2017; 
für einen Überblick vgl. Greiwe, 2020, S.73 ff.). Die berufliche Lehrerbildung ist mit 
wenigen Ausnahmen (z.B. Schütt-Sayed, 2020) bislang weitgehend unberücksichtigt 
geblieben. Etwas weniger eindeutig stellt sich die Situation in Bezug auf die Entwick- 
lung entsprechender Kompetenzen dar. Zwar dominieren in den Fortbildungsdaten- 
banken der Länder ebenfalls domänenübergreifende Themen, die weitgehend los- 
gelöst von konkreten beruflichen Handlungskontexten sind. Mit den durch das Bun- 
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desinstitut für Berufsbildung aus Mitteln des Bundesministeriums für Bildung und 
Forschung geförderten Modellversuchen wurden in den letzten Jahren jedoch auch 
domänenspezifische Ansätze hervorgebracht, die auf die Qualifizierung kaufmänni- 
schen Bildungspersonals abheben (z. B. Schlömer et al., 2017; Tiemeyer, 2019). Für die 
Aus- und Fortbildung kaufmännischer Lehrkräfte sind damit jedoch zwei Herausfor- 
derungen verbunden. Zum einen adressieren die Fortbildungskonzepte primär be- 
triebliche Ausbilder:innen anstelle von Lehrkräften. Zum anderen lassen sich in den 
Publikationen und Leitfäden der meisten Modellversuche, die auf eine nachhaltig- 
keitsbezogene Qualifizierung des beruflichen Bildungspersonals abzielen, keine Hin- 
weise auf eine systematische, auf empirische Evidenz ausgerichtete Evaluation ihrer 
Konzepte finden. Es ist somit weitgehend ungeklärt, in welchem Maße es gelingt, die 
in den Qualifizierungsangeboten adressierten Kompetenzen wirksam zu fördern 
(Greiwe, 2020, S. 20 f., S. 83 f.). 

In der klinischen Forschung gilt die randomisierte kontrollierte Studie als „Gold- 
standard“, um empirische Evidenz für die Wirksamkeit einer neuen Behandlungs- 
form zu gewinnen (Kabisch et al., 2011, S. 663; Krummenauer et al., 2014, S. 60). Um- 
gesetzt wird sie als Interventionsstudie, in der die Wirkung einer Therapieform mit 
jener einer Alternativbehandlung verglichen wird. Die Patient:innen werden hierbei 
per Zufall einer der beiden Gruppen (Therapie vs. alternative oder keine Behandlung) 
zugewiesen (Kabisch etal., 2011, S. 663 f.). In der Forschung zur Lehrerbildung sind 
Interventionsstudien dieser Art nur selten vorzufinden; im Bereich der kaufmänni- 
schen Nachhaltigkeit sind nach eigenen Recherchen keine entsprechenden Arbeiten 
bekannt (siehe auch Greiwe, 2020, S.83 ff.). Dies verwundert insofern nicht, als die 
Anforderungen an ein experimentelles Forschungsdesign hoch sind und in der Fort- 
bildungspraxis nur selten umgesetzt werden können. Besser etal. (2015, S. 117 f.; vgl. 
Greiwe, 2020, S.115) führen hierzu drei (Hinter-)Griinde an: (1) Lehrkräfte lassen 
sich nur schwer über Randomisierung einer Fortbildung zuweisen und (2) für die 
Teilnahme an umfangreichen Pre-Post-Erhebungen gewinnen. Dies gilt erst recht, 
wenn (3) die Inhalte der Tests nicht Gegenstand der Fortbildung sind, wie es bei einer 
Kontrollgruppe, die keine Intervention erfährt, der Fall wäre. Für die BBnE kommen 
weitere Herausforderungen wie die Schwierigkeit einer domänenspezifischen Opera- 
tionalisierung der zu fördernden Kompetenzen hinzu. In der allgemeinen Lehrerbil- 
dung liegen Studien zur Systemkompetenz vor, die zwar kein randomisiertes Experi- 
ment, wohl aber einen Vergleich verschiedener Gruppen realisiert haben, die unter- 
schiedlich behandelt wurden und mittels Kontrolltechniken einer Analyse zugänglich 
gemacht wurden. Auf diese Weise war es möglich, die Wirkung unterschiedlicher In- 
terventionen auf das fachbezogene Wissen der Teilnehmenden zu untersuchen (vgl. 
Rieß et al., 2015; für Ergebnisse: Fanta et al., 2019; Rosenkranzer etal., 2017). 

Für die Realisierung derart komplexer Forschungsdesigns bedarf es einer hinrei- 
chend großen Stichprobe, die sich in der dritten Phase der Lehrerbildung zumeist nur 
schwer gewinnen lässt. Indessen bietet die universitäre Ausbildung einen möglichen 
Zugang für die Durchführung einer Interventionsstudie zu Themen des Nachhaltig- 
keitsmanagements, wenn diese in das Seminarangebot des Studiengangs integriert 
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wird. An dieser Stelle setzt der vorliegende Beitrag an. Ausgehend von den Anforde- 
rungen an die Überprüfbarkeit eines Interventionsprogramms im Bereich der kauf- 
männischen Nachhaltigkeit wird ein empirischer Zugang zur Erfassung der Wirk- 
samkeit eines Blended-Learning-Konzepts zur Förderung fachbezogener Kompeten- 
zen im Nachhaltigkeitsmanagement vorgestellt.' Ziel war es, das Programm in der 
ersten und dritten Phase der kaufmännischen Lehrerbildung zu erproben und empi- 
risch zu evaluieren, um sichere Rückschlüsse auf seine Effektivität ziehen und An- 
knüpfungspunkte für eine mögliche Weiterentwicklung des Programms identifizie- 
ren zu können. Gegenstand des Beitrags ist die erste Teilstudie, die mit 98 Masterstu- 
dierenden der Wirtschaftspädagogik umgesetzt wurde. 


2 Anforderungen an die Überprüfbarkeit eines 
Interventionsprogramms im Bereich des 
Nachhaltigkeitsmanagements 


Mit der Umsetzung einer Interventionsstudie zu Themen der kaufmännischen Nach- 
haltigkeit sind verschiedene Herausforderungen verbunden. Diese beziehen sich zu- 
nächst auf die forschungsmethodischen Anforderungen, die mit einer experimentel- 
len Untersuchung im Allgemeinen einhergehen. Nach der „Hierarchie der Evidenz“ 
kann die Aussagekraft einer Studie in Abhängigkeit von ihrem Design unterschied- 
lich beurteilt werden. Der randomisierten kontrollierten Studie wird in der evidenz- 
basierten Medizin im Vergleich zu anderen Primärstudien der höchste Grad an Belast- 
barkeit beigemessen, da nur auf diese Weise ein eindeutiger Zusammenhang zwi- 
schen Intervention und Behandlungsziel identifiziert werden kann (Mad etal., 2008, 
S.275; bezugnehmend auf Akobeng, 2005). Die Güte eines Interventionsdesigns hängt 
maßgeblich davon ab, inwieweit es gelingt, abzusichern, dass etwaige Effekte tatsäch- 
lich auf die Intervention und nicht auf andere Faktoren zurückzuführen sind, die ne- 
ben dem Treatment Veränderungen in den interessierenden Merkmalen hervorgeru- 
fen haben könnten (Döring & Bortz, 2016, S.195 f.; Schnell et al., 2014, S. 203). Es ist 
daher von zentraler Bedeutung, den Einfluss solcher Störgrößen zu eliminieren bzw. 
zu kontrollieren, um Alternativerklärungen für identifizierte Effekte auszuschließen 
(Schnell et al., 2014, S. 205). Dies gelingt am ehesten durch einen Vergleich mindes- 
tens zweier Versuchsgruppen, die unterschiedlich behandelt und anschließend hin- 
sichtlich der Effekte auf die interessierenden Merkmale geprüft werden. In einem 
„echten“ Experiment erfolgt die Gruppenbildung durch eine zufällige Zuordnung der 
Teilnehmenden zu den Gruppen (Döring & Bortz, 2016, S.193). So kann verhindert 


1 Der Beitrag stellt ausgewählte Aspekte der Dissertation der Autorin (Greiwe, 2020) in verdichteter Form dar. Die Arbeit ist 
angebunden an das Projekt „Innovatives, interaktives Lern- und Assessmentmodul für kaufmännisches Ausbildungsper- 
sonal“ (InnoLA), das im Kontext des Modellversuchsförderschwerpunktes „BBnE 2015-2019“ umgesetzt wurde (Förder- 
kennzeichen 21BBNE13). Projektdetails können z.B. bei Greiwe & Seeber (2018) und Greiwe et al. (2021) eingesehen 
werden. Im Zentrum des Beitrags stehen das Forschungsdesign und ausgewählte Befunde der Interventionsstudie. Für 
ausführliche Darstellungen wird auf die entsprechenden Kapitel der Arbeit verwiesen. 
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werden, dass sich die Gruppen bereits vor der Intervention systematisch in Bezug auf 
zentrale Eigenschaften unterscheiden, die neben dem Treatment Wirkungen hervor- 
rufen könnten (Döring & Bortz, 2016, S. 196). 

Eine weitere Herausforderung stellt die Konkretisierung der beabsichtigten Wir- 
kungen dar. Hiermit in Verbindung steht die Frage, welche Gegenstände vermittelt 
werden sollen und anhand welcher Kriterien der Erfolg zu evaluieren ist. Mit Blick auf 
die inhaltliche Komplexität der Nachhaltigkeit bringt dies besondere Hürden mit sich. 
Werden Fragen der Umsetzung eines nachhaltigen Wirtschaftens in Unternehmen in 
den Blick genommen, so erfordert dies die Integration verschiedener Bezugsdiszipli- 
nen. Im Falle des Nachhaltigkeitsmanagements sind sowohl gesamtgesellschaftliche 
Fragen einer nachhaltigen Entwicklung als auch Aspekte der Betriebswirtschaftslehre 
relevant (vgl. Seeber et al., 2019, S. 149 f.). Die inhaltliche Konkretisierung wird zudem 
dadurch erschwert, dass Aspekte der Nachhaltigkeit in kaufmännischen Ordnungs- 
mitteln trotz zunehmender Bemühungen noch vergleichsweise wenig Berücksichti- 
gung finden (siehe hierzu auch Greiwe, 2021, S. 219). 

Hinsichtlich der Wirkungen von Lehrkräftefortbildungen im Allgemeinen wird 
angenommen, dass sich diese auf mehreren Ebenen manifestieren können (Huber & 
Radisch, 2010, S. 340 ff.; Lipowsky, 2010, S.52). Die Idee geht auf einen verbreiteten 
Ansatz zur Evaluation von Trainingsangeboten von Donald L. Kirkpatrick zurück. 
Ihm zufolge lassen sich die Effekte eines Trainings an den Reaktionen der Teilneh- 
menden (Ebene1), an Veränderungen ihres Wissens, ihrer Fertigkeiten und Ein- 
stellungen (Ebene2), an Veränderungen ihres beruflichen Verhaltens (Ebene 3) und 
an den finalen Ergebnissen, die aufgrund der Trainingsteilnahme erzielt werden 
(Ebene 4), festmachen (vgl. Kirkpatrick & Kirkpatrick, 2006, S. 21ff.). Lipowsky (2010; 
vgl. auch Lipowsky & Rzejak, 2012) hat dies auf die Evaluation von Fortbildungen 
übertragen. Demnach lässt sich die Wirksamkeit an den Reaktionen und Einschät- 
zungen der Lehrkräfte (u.a. anhand ihrer Zufriedenheit) an der Erweiterung ihrer 
kognitiven und nicht-kognitiven Merkmale, an Veränderungen ihres Handelns im 
Unterricht und an der Entwicklung der Schüler:innen bemessen. Nicht selten ver- 
bleibt die Evaluation von Fortbildungen allerdings auf der Ebene der Reaktionen (Li- 
powsky & Rzejak, 2012, S.2). Dies verwundert insofern nicht, als diese vergleichs- 
weise einfach zu erfassen sind. Sie lassen jedoch nicht zwangsläufig belastbare 
Aussagen über den Lernerfolg zu (Lipowsky & Rzejak, 2012, S.3; für empirische Be- 
funde vgl. z. B. Gessler & Sebe-Opfermann, 2011, S. 276). 

Für die Evaluation eines Interventionsprogramms zu Fragen der kaufmänni- 
schen Nachhaltigkeit impliziert dies, dass die Effekte über die Reaktionen der Teilneh- 
menden hinaus auch anhand des Ausmaßes zu untersuchen sind, in dem ihr Wissen 
und Können im Bereich des Nachhaltigkeitsmanagements erweitert werden können. 
Damit ist eine weitere Herausforderung verbunden, nämlich die der Kompetenz- 
diagnostik (vgl. hierzu Michaelis, 2017, S.117). Für die berufliche Bildung liegen erst 
wenige empirisch überprüfte Ansätze vor (z.B. Berding etal., 2018; Michaelis, 2017; 


2 Fur eine Synopse empirischer Befunde zur Wirksamkeit von (kaufmännischen) Lehrkräftefortbildungen und zu Ansätzen 
ihrer Erfassung sei auf Greiwe (2020, S. 52 ff.) verwiesen. 
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Seeber etal., 2019), die es erlauben, Kompetenzen im Bereich der Nachhaltigkeit va- 
lide zu erfassen. Ein in der BBnE verbreitetes Kompetenzkonzept ist jenes der Gestal- 
tungskompetenz (de Haan, 2002), welches auch für die Lehrerbildung als Zielkatego- 
rie formuliert wird (vgl. Programm Transfer-21, 2007, S. 9). Fraglich ist jedoch, ob eine 
Intervention im Bereich des Nachhaltigkeitsmanagements zielführend am Erwerb 
von Gestaltungskompetenz ansetzen kann. So handelt es sich um einen domänen- 
übergreifenden Ansatz, der verschiedene Handlungsebenen in unterschiedlichen Ar- 
beits- und Lebenswelten einschließt und insofern nur bedingt geeignet erscheint, um 
Kompetenzen für Nachhaltigkeit in einer spezifischen (hier: kaufmännischen) Do- 
mäne auszudifferenzieren. Die Messung von Fachkompetenzen im Bereich der kauf- 
männischen Nachhaltigkeit erfordert stattdessen eine möglichst genaue Bestimmung 
des beruflichen Handlungsbereichs und seiner Anforderungen (Seeber etal., 2014, 
S.7). Ausgangspunkt bildet daher die Frage, welche domänenspezifischen Kompeten- 
zen bei (angehenden) kaufmännischen Lehrkräften zu fördern sind. 

Studien zeigen, dass vor allem das fachdidaktische Wissen von Lehrkräften die 
Qualität von Unterricht und die Lernleistungen von Schüler:innen beeinflusst (z. B. 
Baumert & Kunter, 2011). Zugleich wird angenommen, dass ihr Fachwissen eine 
wichtige Grundlage dafür bildet, dass sie den Lernenden die Inhalte angemessen zu- 
gänglich machen können (vgl. Baumert & Kunter, 2011, S.185). Angesichts der im 
Vergleich zur Mathematik zwar schwächeren, jedoch nicht geringfügigen Zusam- 
menhänge zwischen Fachwissen und fachdidaktischem Wissen in der Domäne Wirt- 
schaftswissenschaften (für eine Übersicht vgl. Greiwe, 2020, S. 38 ff.) lässt sich anneh- 
men, dass Defizite im Fachwissen das fachdidaktische Wissen kaufmännischer 
Lehrkräfte negativ beeinflussen können (Seifried & Wuttke, 2016, S.4). Vor diesem 
Hintergrund erscheint es zielführend, auch grundlegende fachinhaltliche Kompeten- 
zen zu fördern. Primäres Ziel der Intervention war es daher, Fachkompetenzen im 
Nachhaltigkeitsmanagement zu fördern (Greiwe, 2020, S.22). Im Zentrum des Pro- 
gramms stand ein digitales Lernmodul zum nachhaltigen Wirtschaften, das acht Teil- 
module umfasst, die sich von einer systematischen Einführung in das normative Leit- 
bild einer nachhaltigen Entwicklung über Fragen der Umsetzung eines betrieblichen 
Nachhaltigkeitsmanagements bis hin zur Bearbeitung konkreter betrieblicher Pro- 
blemstellungen (u.a. in der Beschaffung und im Transportwesen) erstrecken. Die pro- 
blemorientierten Sequenzen wurden in Anlehnung an die Designprinzipien des An- 
chored-Instruction-Ansatzes (Cognition and Technology Group at Vanderbilt, 1990) 
konzipiert, d. h. ausgehend von einer videobasierten Problemstellung wurden die Teil- 
nehmenden dazu angeregt, aus Sicht einer oder eines Mitarbeitenden Vorschläge zu 
ihrer Lösung zu unterbreiten. Dadurch sollten sie nicht nur mit zentralen Begriffen 
und Konzepten des Nachhaltigkeitsmanagements vertraut gemacht, sondern auch 
dazu befähigt werden, betriebliche Entscheidungen unter Nachhaltigkeitsperspekti- 
ven zu treffen und zu begründen.? 


3 Details zu den Inhalten des Lernmoduls, das in dem Projekt InnoLA entwickelt wurde, können z. B. bei Greiwe et al. (2021) 
eingesehen werden. 
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3  Empirischer Zugang zur Wirksamkeitsüberprüfung 
eines Blended-Learning-Ansatzes im Bereich 
des Nachhaltigkeitsmanagements 


Die Effektivität des erprobten Ansatzes wurde im Rahmen eines experimentellen For- 
schungsdesigns mit zwei Untersuchungsgruppen und einer stratifiziert-randomisier- 
ten Verteilung der Studierenden auf die Gruppen überprüft.* Während die erste 
Gruppe (EGi, N=51) nach einer einstündigen Einführung in die Nachhaltigkeit und 
das Nachhaltigkeitsmanagement in Form eines Vortrags Zugang zum digitalen Lern- 
modul erhielt, nahm die zweite Gruppe (EG2, N = 47) lediglich an der Einführung teil. 
Diese wurde in einer gemeinsamen Präsenzveranstaltung durchgeführt und zielte 
darauf ab, die Teilnehmenden u.a. an wichtige politische Meilensteine, die Prämissen 
des Leitbilds und zentrale Konzepte eines Nachhaltigkeitsmanagements heranzufüh- 
ren. Anschließend wurde die Gruppeneinteilung bekanntgegeben und die Studieren- 
den, die Zugang zum Lernmodul erhielten, wurden in die technischen Voraussetzun- 
gen der Plattform eingewiesen. Nach einer dreiwöchigen Onlinephase, in der die 
erste Gruppe das Lernmodul bearbeitet hat, wurde eine weitere Präsenzveranstaltung 
durchgeführt. Diese diente dem Austausch der Erfahrungen aus der Onlinephase und 
einer kritischen Reflexion des Lernmoduls. Vor und nach der Intervention haben alle 
Studierenden einen 90-minütigen Test durchlaufen. Angenommen wurde, dass die 
Studierenden, die Zugang zum Lernmodul und damit didaktisch aufbereitete Lern- 
materialien zum nachhaltigen Wirtschaften erhalten haben, nach der Intervention 
höher ausgeprägte Fachkompetenzen aufweisen als die Studierenden ohne Modul- 
zugang. 

Die Überprüfung der Wirksamkeit erfolgte auf Basis des skizzierten Vier-Ebenen- 
Ansatzes unter leicht modifizierten Annahmen: Mit Blick auf die empirische Befund- 
lage zur Wirksamkeit von Fortbildungen (vgl. Kap.2) wurde (a) keine Kausalbezie- 
hung zwischen den Ebenen unterstellt (siehe hierzu auch Alliger & Janak, 1989). Ins- 
besondere wurde nicht davon ausgegangen, dass die subjektiven Einschätzungen der 
Teilnehmenden sichere Rückschlüsse auf den Lernerfolg zulassen. Die Erfassung der 
Reaktionen wurde dennoch als wichtig erachtet, da die Rückmeldungen der Studie- 
renden relevante Hinweise auf Stärken und Optimierungspotenziale der Intervention 
zu liefern versprachen. (b) Fragen der Unterrichtsplanung, die dem eigentlichen 
Handeln im Unterricht vorgelagert sind und keine explizite Erwähnung in dem Vier- 
Ebenen-Ansatz finden, wurden auf der dritten Ebene verortet, da sie bereits stärker 
auf die Anwendung des Gelernten im Unterricht abheben und insofern über den Er- 
werb von Fachkompetenzen im Nachhaltigkeitsmanagement auf der zweiten Ebene 
hinausgehen (vgl. Greiwe, 2020, S. 59 ff.). Insgesamt wurde die Wirksamkeit somit auf 
der ersten, der zweiten und in Ansätzen (Betrachtung der Planung, nicht jedoch der 


4 Detailliert können die Ausführungen zum Forschungsdesign und zu den Erhebungsinstrumenten bei Greiwe (2020, Kapi- 
tel 5) eingesehen werden. 
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Durchführung von Unterricht) auf der dritten Ebene des Kirkpatrick’schen Modells 
evaluiert (vgl. Abb. 1). 


Ebene 1 und 2: 
Reaktionen und 
Kompetenzzuwachs 
Treatmentgruppe 1 (EG,) 


Pretest: Intervention: Posttest: 
Fragebogen, a Wiederholdung 
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Abbildung 1: Forschungsdesign der Interventionsstudie mit Studierenden der Wirtschaftspädagogik (Quelle: 
in Anlehnung an Döring & Bortz (2016, S. 209); zitiert nach Greiwe (2020, S.116)) 


Die Reaktionen der Teilnehmenden (Ebene 1) wurden anhand der Akzeptanz des 
digitalen Lernmoduls erfasst; daneben kamen Skalen zur Zufriedenheit, zum einge- 
schätzten Nutzen der Intervention und zum wahrgenommenen Kompetenzzuwachs 
(in Anlehnung an Grohmann & Kauffeld, 2013, S. 142) zum Einsatz. Um die (Hinter-) 
Gründe der Reaktionen zu beleuchten, wurde der Erfahrungsaustausch in der letzten 
Präsenzsitzung in eine Gruppendiskussion eingebunden. Auf Ebene 2 wurde unter- 
sucht, welche Effekte die Intervention auf die Fachkompetenzen ausübt. Im Vorder- 
grund stand die Erfassung (a) des deklarativen Wissens über Nachhaltigkeit aus ge- 
sellschaftlicher Sicht und (b) der Fähigkeit, nachhaltigkeitsbezogene betriebliche 
Anforderungssituationen zu bewältigen. Für die Erfassung der Kompetenzdimensio- 
nen wurden erprobte Testinstrumente (Seeber et al., 2016; 2019) herangezogen. Diese 
umfassen (a) einen Wissenstest, der mit Ausnahme eines Items geschlossene Fragen 
im Single-Choice-Format enthält. Inhaltlich wurden normative Konzepte der Nach- 
haltigkeit, Definitionen und Fakten sowie aktuelle Beispiele der Förderung einer 
nachhaltigen Entwicklung erfragt. Die Fähigkeit zur Bewältigung nachhaltigkeitsbe- 
zogener Anforderungssituationen wurde anhand (b) einer Unternehmenssimulation 
am Beispiel eines Fahrradherstellers erfasst, der sich zum Ziel gesetzt hat, seine Akti- 
vitäten nachhaltig auszurichten. Ausgehend von betrieblichen Problemstellungen, die 
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über ein Video dargeboten werden, wurden die Teilnehmenden dazu aufgefordert, 
Entscheidungen (z.B. zur Auswahl eines Lieferanten) zu treffen und zu begründen 
(zu den Testinstrumenten vgl. Seeber et al., 2019, S. 151ff.). Daneben wurden Facetten 
des fachdidaktischen Wissens erfasst, um Hinweise darauf zu gewinnen, ob die Bear- 
beitung des Lernmoduls das Zugänglichmachen von Nachhaltigkeitsinhalten für 
Schüler:innen unterstützen kann. Neben einem fachdidaktischen Test wurden Unter- 
richtsentwürfe ausgewertet, die die Studierenden (auch jene der zweiten Gruppe) in 
der Onlinephase exemplarisch für Industriekaufleute entwickelt haben. Diese sollten 
Auskunft darüber geben, inwieweit es ihnen gelingt, die Gegenstände der Interven- 
tion in die Planung einer Unterrichtsstunde zu Themen der Nachhaltigkeit zu über- 
führen (Ebene 3). Insgesamt haben sich somit beide Gruppen mit Fragen des Nach- 
haltigkeitsmanagements auseinandergesetzt, mit dem Unterschied, dass der ersten 
Gruppe aufbereitete Unterlagen in Form des digitalen Lernmoduls zur Verfügung 
gestellt wurden, während sich die zweite Gruppe die Inhalte durch die selbstständige 
Recherche einschlägiger Informationen angeeignet hat. 

Um mögliche personenbezogene Störfaktoren identifizieren zu können, wurden 
im Pretest jene Merkmale miterfasst, von denen angenommen wurde, dass sie neben 
der Intervention Einfluss auf den Lernerfolg ausüben könnten. Hierzu zählen z.B. 
soziodemografische Merkmale, Aspekte der Vorbildung und affektiv-motivationale 
Komponenten. Diese dienten als Ausgangspunkt für die Bildung der Treatmentgrup- 
pen. Anstelle einer rein zufälligen Gruppenzuweisung wurde eine stratifizierte Ran- 
domisierung durchgeführt, die gewährleistet, dass die Gruppen hinsichtlich ausge- 
wählter als „prognostisch“ erachteter Faktoren äquivalent sind (vgl. Krummenauer 
etal., 2014, S.63). Das Vorgehen wurde herangezogen, da die Intervention in fünf 
Durchläufen umgesetzt wurde, für die im Einzelnen eine Vergleichbarkeit der Grup- 
pen sicherzustellen war. Bei einer kleinen Gruppengröße und einer nach einem ein- 
fachen Zufall erfolgten Randomisierung besteht die Gefahr eines zufälligen Un- 
gleichgewichts (Döring & Bortz, 2016, S.728; Schulz & Grimes, 2007, S.421, S.424), 
was Auswertungen mittels (ko-)varianzanalytischer Verfahren erschwert hätte. Die 
Gruppenbildung erfolgte auf Basis (a) der Bachelorabschlussnote als ein Indikator der 
berufsbezogenen Vorbildung und (b) der Motivation, nachhaltig zu handeln (Beispiel- 
item: „Wenn es beispielsweise um Umweltschutz, Klimawandel oder faire Arbeitsbe- 
dingungen in Entwicklungsländern geht, bekomme ich Lust, mich damit zu beschäf- 
tigen“; vgl. Michaelis etal., 2020, S. 341). Die Bachelornote wurde gewählt, da sie auf- 
grund ihres Domänenbezugs im Vergleich zur Abiturnote als geeigneter eingeschätzt 
wurde, die aktuellen (Studien-)Leistungen vorherzusagen. Die Motivation hat sich in 
vorherigen Studien zwar nicht als relevant für die Erklärung von Leistungen im Nach- 
haltigkeitsmanagement erwiesen (vgl. Michaelis et al., 2020). Anders als die nachhal- 
tigkeitsbezogenen Einstellungen wies die Motivation im Pretest jedoch eine höhere 
Varianz auf, was ihren Einsatz zielführend erscheinen ließ. Mit dem gewählten Vorge- 
hen konnte sichergestellt werden, dass die Treatmentgruppen hinsichtlich sämtlicher 
Merkmale vergleichbar sind und Effekte mit einer hohen Wahrscheinlichkeit auf die 
Intervention zurückgeführt werden können (zu den Ergebnissen des Gruppenver- 
gleichs vgl. Greiwe, 2020, S.139 ff.). 
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4 Ausgewählte Ergebnisse 


Im Folgenden werden exemplarisch die Ergebnisse des eingeschätzten (Ebene 1) und 
des tatsächlichen Kompetenzerwerbs (Ebene 2) präsentiert. Auf der Ebene der Reak- 
tionen zeigte sich, dass die Studierenden, die das digitale Lernmodul durchlaufen 
haben, ihren Lernerfolg nach der Intervention moderat bis hoch einschätzten (vgl. 
Tab.1). Die größte Zustimmung erfuhr die Aussage, mehr als noch vor der Interven- 
tion über nachhaltiges Wirtschaften zu wissen. Als geringer wurde indessen das Wis- 
sen darüber bewertet, wie Nachhaltigkeit zukünftig in den Unterricht eingebunden 
werden kann. Dies ist insofern erwartungskonform, als der Schwerpunkt der Inter- 
vention auf der Förderung fachinhaltlichen Wissens und Könnens und weniger auf 
dem Zugänglichmachen der Inhalte für Schüler:innen lag. Die Studierenden, die 
keinen Zugang zum Lernmodul erhalten haben, bewerteten ihren Lernerfolg deutlich 
geringer. Mit einem Skalenmittelwert von 2.72 unterscheidet sich die Einschätzung 
der zweiten Treatmentgruppe signifikant von jener der ersten Treatmentgruppe, die 
ihren Kompetenzerwerb im Mittel mit 3.13 bewertete (t(89) = 3.287, p = 0.001, d = 0.69). 


Tabelle 1: Eingeschätzter Kompetenzzuwachs (Quelle: in Anlehnung an Greiwe (2020, S.165)) 


Skala und Items EG) (mit Lernmodul) EG2 (ohne Lernmodul) 
N M SD N M SD 
Eingeschätzter Kompetenzzuwachs (t2) 48 3.13 0.61 43 2.72 0.60 


Ich weiß jetzt viel mehr als vorher über nach- 
haltiges Wirtschaften. 3.26 0.74 2.72 0.80 


In dem ersten Seminarteil habe ich viel über 
nachhaltiges Wirtschaften gelernt. 3.15 0.69 2.67 0.72 


In dem ersten Seminarteil konnte ich meine 
Kompetenzen zum nachhaltigen Wirtschaften 
weiterentwickeln. 3.17 0.66 2.72 0.77 


Ich weiß jetzt, wie ich Nachhaltigkeit (künftig) 
in meinen Unterricht einbinden kann. 2.96 0.80 2.74 0.82 


Anmerkung: Skala: 1 = Trifft gar nicht zu, 2 = Trifft eher nicht zu, 3 = Trifft eher zu, 4= Trifft voll zu 


Das Ergebnis lässt auf den ersten Blick vermuten, dass das Interventionsprogramm 
zu einem (höheren) Zuwachs in den Fachkompetenzen der Studierenden mit Zugang 
zum digitalen Lernmodul geführt hat. Wie Tabelle 2 zeigt, kann dies jedoch nur in 
Teilen bestätigt werden. Zwar schneiden die Studierenden, die das Lernmodul durch- 
laufen haben, hinsichtlich des Wissens über Nachhaltigkeit im Posttest signifikant 
besser ab als im Pretest (tec1(50) = -4.677, p < 0.001, d= 0.66). Allerdings zeigt sich bei 
der zweiten Gruppe ein ähnlicher Befund. So haben die Studierenden, die das Lern- 


5 Ausführlich können die Ergebnisse der Interventionsstudie bei Greiwe (2020, Kapitel 7) eingesehen werden. 
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modul nicht bearbeitet haben, ebenfalls einen signifikanten Wissenszuwachs erfah- 
ren (tEG2(46) = -2.772, p = 0.008, d = 0.40). Dies spricht gegen einen nennenswerten Ef- 
fekt des digitalen Lernmoduls auf das Fachwissen. Eine Kovarianzanalyse, in welcher 
der Posttest-Wert als abhängige Variable, die Gruppenzugehörigkeit (d.h. die Art der 
Intervention) als unabhängige Variable und der Pretest-Wert als Kovariate berücksich- 
tigt wurde (vgl. hierzu Dugard & Todman, 1995; van Breukelen, 2006), bestatigt dies. 
So kann kein signifikanter Effekt der Gruppenzugehörigkeit auf das Ergebnis im Post- 
test nachgewiesen werden, wenn der Eingangswert kontrolliert wird (F(1,95) = 1.422, 
p = 0.236). Der identifizierte Zuwachs im Wissen über Nachhaltigkeit ist folglich nicht 
auf die Bearbeitung des digitalen Lernmoduls zurückzuführen. In Bezug auf die si- 
tuative Anforderungsbewältigung fällt das Ergebnis nochmals deutlich ernüchternder 
aus. So konnte in keiner Gruppe eine signifikante Steigerung der Fähigkeit zur Bewäl- 
tigung nachhaltigkeitsbezogener betrieblicher Anforderungssituationen festgestellt 
werden. Erneut zeigt die Kovarianzanalyse keinen signifikanten Effekt der Gruppen- 
zugehörigkeit (F(1,95) = 0.007, p= 0.933). 


Deklaratives Wissen über Nachhaltigkeit Situative Anforderungsbewältigung 


| 


Durchschnittlich Punktzahl 


Ergebnis der Kovarianzanalyse (Gruppeneffekt): 


F(1,95) = 1.422, p = 0.236 F(1,95) = 0.007, p = 0.933 


Abbildung 2: Effekte des Interventionsprogramms auf die Fachkompetenzen (Quelle: in Anlehnung an 
Greiwe (2020, S.169 ff.)) 


Insgesamt ist somit festzuhalten, dass das digitale Lernmodul, das den Kern des Inter- 
ventionsprogramms bildet, nicht in der erwarteten Weise dazu beigetragen hat, die 
Fachkompetenzen der Studierenden zu erweitern. Stattdessen lassen die Ergebnisse 
vermuten, dass der Zuwachs im deklarativen Wissen über Nachhaltigkeit auf die ein- 
stündige Einführung zurückzuführen ist, an der beide Gruppen teilgenommen ha- 
ben. Um diese Hypothese abzusichern, wäre zusätzlich eine „echte“ Kontrollgruppe 
hinzuzuziehen, die lediglich an den Tests teilnimmt, ohne eine einschlägige Interven- 
tion zu erfahren. 

Hinweise auf die (Hinter-)Griinde für das Ausbleiben der erwarteten Effekte lie- 
fern die Aussagen zu den Optimierungspotenzialen des Interventionsprogramms, die 
aus den offenen Fragen des Akzeptanztests und aus der Gruppendiskussion hervorge- 


Empirische Untersuchung der Kompetenzentwicklung zum Nachhaltigkeitsmanagement in der 
220 kaufmännischen Lehrerbildung 


gangen sind (für detaillierte Ergebnisse vgl. Greiwe, 2020, S.193 ff.). Ein wesentlicher 
Kritikpunkt bezieht sich auf den Aufwand, der mit der Bearbeitung des Arbeitsauf- 
trags einherging und vor allem von jenen Studierenden als zu hoch wahrgenommen 
wurde, die Zugang zum digitalen Lernmodul hatten. Einzelne Personen gaben expli- 
zit an, dass der Umfang des Lernmoduls zu Motivationsdefiziten bei der Bearbeitung 
geführt hat. Dass der Kurzentwurf nicht in die Seminarnote eingeflossen ist und Pre- 
und Posttest teilweise als zu umfangreich empfunden wurden, könnten weitere Hin- 
weise hierauf liefern. Eine Auswertung der Intensität der Modulnutzung deutet zu- 
dem darauf hin, dass nicht alle Teilmodule (ausführlich) bearbeitet wurden (vgl. 
Greiwe, 2020, S.167f.). Hinsichtlich der Modulgestaltung wurden u.a. technische 
Hürden genannt wie Schwierigkeiten beim Abspielen von Videos, der recht starre 
Charakter der Feedback-Funktion bei den offenen Antwortformaten und das Problem, 
dass der Lernfortschritt nicht nachverfolgt werden konnte. Positiv hervorgehoben 
wurden u.a. das adressierte Thema der Nachhaltigkeit, die strukturierte Einführung 
in der ersten Präsenzveranstaltung und die Möglichkeit, Unterricht zu Fragen der 
Nachhaltigkeit zu planen. 


5 Schlussbetrachtung 


Mit dem Beitrag sollte zum einen das Erfordernis (und Desiderat) einer domänenspe- 
zifischen Kompetenzentwicklung zu Fragen der Nachhaltigkeit in der kaufmänni- 
schen Lehrerbildung adressiert werden. Zum anderen betont er die Relevanz einer 
empirischen Überprüfung der Wirksamkeit von Konzepten, die auf die Entwicklung 
entsprechender Kompetenzen abheben. Die Bemühungen der Modellversuche, Kom- 
petenzen im Bereich der kaufmännischen Nachhaltigkeit bei Auszubildenden und 
Ausbilder:innen zu fördern, sind ein zentraler Schritt in die richtige Richtung. Sie 
drohen jedoch an Aussagekraft und Transferpotenzial zu verlieren, wenn sie keiner 
systematischen empirischen Evaluation unterzogen werden. Zugleich sind an die 
Überprüfbarkeit entsprechender Konzepte hohe forschungsmethodische Anforde- 
rungen geknüpft. Das vorgestellte Forschungsdesign zeigt einen möglichen empiri- 
schen Zugang auf, um die Effektivität eines Interventionsprogramms zu Fragen des 
Nachhaltigkeitsmanagements in der universitären Ausbildung zu evaluieren. Dass 
das Programm nicht in der erwarteten Weise gewirkt hat, verdeutlicht die Relevanz 
einer systematischen empirischen Überprüfung. Ersichtlich wurde auch, dass die Er- 
fassung des objektiven Lernerfolgs eine wichtige Voraussetzung für eine aussagekräf- 
tige Evaluation darstellt, wenn das Ziel darin besteht, Kompetenzen zu fördern und 
das Ausmaß des Kompetenzerwerbs zu prüfen. So liefern die exemplarisch aufgezeig- 
ten Ergebnisse (weitere) Hinweise darauf, dass die subjektiven Einschätzungen der 
Teilnehmenden nicht zwangsläufig den tatsächlichen Lernerfolg widerspiegeln. Zu- 
gleich machen die Ergebnisse deutlich, dass eine (rein) quantitative Erhebung an ihre 
Grenzen stoßen kann, wenn die erwarteten Effekte ausbleiben. Denn erst mit der 
Auswertung der offenen Fragen des Akzeptanztests und der Gruppendiskussion ha- 
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ben sich die (Hinter-)Griinde fiir die Ergebnisse beleuchten lassen. Sicherlich ist eine 
umfassende Evaluation im Rahmen einer experimentellen Studie nicht immer um- 
setzbar. Mit dem Verzicht auf eine ,echte“ Kontrollgruppe und der Betonung ausge- 
wählter (kognitiver) Kompetenzdimensionen weist das vorgestellte Design ebenfalls 
Limitationen auf. Gleichwohl sollte dies nicht den Anspruch an eine empirische 
Überprüfung der Wirksamkeit reduzieren. Zukünftig wäre es daher erstrebenswert, 
die theoretisch-konzeptuelle Arbeit in der BBnE konsequent mit Überlegungen zur 
Evaluation der entwickelten Konzepte zu verbinden. 
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Design-Based Research im Kontext der 
Berufsbildung fiir eine nachhaltige Entwicklung 


ANDREAS SLOPINSKI 


Zusammenfassung 


Eine gesamtgesellschaftliche nachhaltige Entwicklung benötigt eine Transformation 
der Art und Weise, wie Unternehmen wirtschaften. Eine solche Transformation ist fiir 
die meisten Unternehmen gleichbedeutend mit drastischen Veranderungen der Ar- 
beits- und Geschäftsprozesse. In diesem Beitrag wird argumentiert, dass die Berufs- 
bildung fiir eine nachhaltige Entwicklung Unternehmen bei der Planung und Durch- 
führung solcher Entwicklungsprozesse unterstützen sollte. Hierfür eignet sich der 
Design-Based Research-Ansatz als Gestaltungs- und Forschungszugang. Wie im Bei- 
trag herausgearbeitet wird, ist der Erfolg in Projekten, die diesem Zugang folgen, 
jedoch mit einigen Herausforderungen versehen. 


Schlagworte: nachhaltiges Wirtschaften, Berufsbildungsforschung für eine nachhal- 
tige Entwicklung, Lernort Betrieb, Design-Based Research 


Abstract 


Sustainable development requires an economic transformation. For most companies, 
such a transformation implies rigorous changes in business processes. This paper 
argues that vocational education and training for a sustainable development should 
support companies in the herewith associated change management processes. For 
this approach, design-based research offers vast potential. However, the success of 
design-based research projects depends on overcoming some challenges. 


Keywords: sustainable management, research in vocational education for sustainable 
development, companies as places of learning, Design-Based Research 


1 Einleitung 


Da eine nachhaltige Entwicklung untrennbar mit einer ökonomischen Transforma- 
tion auf globaler, nationaler, regionaler und lokaler Ebene verknüpft ist, gehören Un- 
ternehmen zu den wichtigsten Akteuren, die den Fortschritt und den Erfolg einer 
nachhaltigen Entwicklung entscheidend mitbestimmen (Slopinski etal., 2020; Pan- 
schar etal., 2020a). Schließlich bestimmen sie innerhalb gesetzlicher Rahmenbedin- 
gungen souverän über die Umwelt- und Sozialverträglichkeit ihrer Wertschöpfungs- 
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prozesse und beeinflussen somit den Erhalt und den Verbrauch von Human- und 
Naturressourcen erheblich (Gandenberger et al., 2017, S. 247; Kirschten, 2017, S. 55). 
Gegenwärtig kommen Unternehmen ihrer hieraus ableitbaren Verantwortung 
jedoch zum Großteil nur eingeschränkt nach. Zumeist setzen Unternehmen (noch) 
auf technologische Entwicklungen zur Verbesserung der Öko- und Energieeffizienz. 
Eine deutliche Reduzierung des Ressourcen- und Energieverbrauchs - oder gar die 
Entkopplung des Verbrauchs vom Wirtschaftswachstum - ist jedoch nicht erkennbar 
(Müller-Christ & Giesenbauer, 2019, S. 231). Die Zeit solch punktueller Verbesserun- 
gen und Effizienzgewinne, die sich in der Summe eher als „Weiter-so“-Strategien er- 
weisen, neigt sich jedoch dem Ende entgegen. Dies macht einerseits die Auslastung 
der planetaren Grenzen deutlich, die in Teilen bereits überschritten sind (Gerten, 
2020). Andererseits ist der Unternehmenserhalt künftig maßgeblich von der Anpas- 
sungsfähigkeit und Resilienz in dynamischen Märkten und - evtl. noch wichtiger - in 
dynamischen und aufgrund des Klimawandels bisweilen schwer prognostizierbaren 
Ökosystemen abhängig (Weissenberger-Eibl & Braun, 2019, S. 259). Um diesen Anfor- 
derungen gerecht zu werden, müssen nachhaltigkeitsorientierte Unternehmensent- 
wicklungsprozesse initiiert werden. Hierfür benötigen die Mitarbeiter:innen, die an 
diesen Entwicklungsprozessen planerisch und gestalterisch mitwirken, insbesondere 
das Wissen um Kausalitäten und Wirkungszusammenhänge auf unterschiedlichen 
Systemebenen nachhaltigen Wirtschaftens (ebd., S. 264). Spätestens an dieser Stelle 
kommt nun die Berufsbildung für eine nachhaltige Entwicklung (BBNE) ins Spiel. 
Ihr grundsätzliches Ziel ist es, Lernende zur kompetenten Mitgestaltung einer nach- 
haltigen Zukunft zu sensibilisieren, zu motivieren und zu befähigen (Rebmann & 
Schlomer, 2020, S. 326). Für den hier skizzierten Kontext lässt sich dieses Ziel noch 
konkreter fassen: Die Berufsbildung für nachhaltige Entwicklung verfolgt u.a. das 
Ziel, genau die Kompetenzen von Mitarbeiter:innen und Führungskräften zu identi- 
fizieren, zu erfassen und handlungswirksam zu befördern, die für nachhaltigkeits- 
orientierte Unternehmensentwicklungsprozesse bedeutsam sind. Aus dieser Zielfest- 
legung lassen sich verschiedene Handlungs- und Forschungsaufträge für die BBNE 
ableiten. In diesem Beitrag wird der Standpunkt vertreten, dass die BBNE als wissen- 
schaftliche Disziplin gesellschaftliche Verantwortung übernehmen sollte, indem sie 
sich im Sinne „transformativer Forschung“ (WBGU, 2011, S.2f.) bei der Suche und 
Durchführung nachhaltigkeitsorientierter Unternehmensentwicklungsprozesse ein- 
bringt. Hierfür eignet sich vor allem ein methodologisches Rahmenkonzept, das 
Reeves und Lin (2020, S.1998) mit dem Begriff „Educational Design Research“ verse- 
hen. Hierunter lassen sich design- bzw. gestaltungsorientierte Forschungszugänge 
subsumieren, die zum einen zur Lösung bestehender Probleme und Herausforde- 
rungen im Kontext (beruflichen) Lehrens und Lernens beitragen und zum anderen 
die Theorieentwicklung mittels fundierter empirischer Ergebnisse vorantreiben. 
Dadurch erscheinen sie angesichts stetig wachsender Forschungserkenntnisse bei 
gleichzeitigem Handlungsdruck und evtl. Handlungswillen von Unternehmen beson- 
ders geeignet dazu, gangbare Strategien für die Planung und Realisierung nachhaltig- 
keitsorientierter Entwicklungsprozesse zu finden und gleichzeitig durch die Gestal- 
tung realer Lernsituationen Kompetenzen für nachhaltiges Wirtschaften zu befördern. 
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Als international meistbeachtete und -diskutierte Variante gilt sicherlich der An- 
satz des Design-Based Research (DBR), der vor allem im Rahmen formeller Bildung 
eingesetzt wird (z.B. DBRC, 2003). Gegenstand des vorliegenden Beitrags ist die 
Frage, welche Herausforderungen mit dem DBR-Ansatz im Kontext der BBNE ver- 
bunden sind. Dabei wird der Fokus bewusst auf den Lernort Betrieb gelegt, weil hier 
zum einen noch deutlicher Nachholbedarf der Verbreitung von DBR besteht und zum 
anderen der Einfluss der BBNE auf eine gesamtgesellschaftliche nachhaltige Transfor- 
mation besonders groß erscheint, wenn Unternehmen bei ihrem Veränderungsma- 
nagement begleitet und unterstützt werden. Im nachfolgenden Kapitel werden zur 
Bearbeitung der Fragestellung zunächst die Komplexität und Ziele nachhaltigkeits- 
orientierter Unternehmensentwicklungsprozesse konkretisiert. Danach wird DBR im 
Rahmen der Berufsbildungsforschung (für eine nachhaltige Entwicklung) verortet, 
woran sich eine Klärung zentralen Merkmale des DBR-Ansatzes anschließt. Sodann 
werden wesentliche Herausforderungen zur Planung und Durchführung von BBNE- 
Forschungsprojekten, die sich dem DBR-Ansatz annehmen, diskutiert. Der Beitrag 
schließt mit einem kurzen Fazit. 


2 Skizze eines Entwicklungsmodells nachhaltigen 
Wirtschaftens 


Aus einer betriebswirtschaftlichen Perspektive geht es beim nachhaltigen Wirtschaf- 
ten nicht darum, rein zusätzliche Maßnahmen zu ergreifen, um an der Lösung ökolo- 
gischer und sozialer Problemlagen mitzuwirken. Nachhaltiges Wirtschaften meint 
vielmehr, mit dem eigenen Kerngeschäft durch Weiter- und Neuentwicklung von Pro- 
dukten und Dienstleistungen sowie von Produktionsverfahren und Geschäftsprozes- 
sen einen ökologischen und/oder sozialen Beitrag zu leisten und gleichzeitig wirt- 
schaftlich erfolgreich zu sein (z.B. Lüdeke-Freund, 2018, S. 33). 

Diese integrative Sichtweise nachhaltigen Wirtschaftens machen Müller-Christ 
und Giesenbauer (2019, S.238 ff.) deutlich, indem sie die sukzessive Integration von 
Nachhaltigkeit in die Wertschöpfung anhand eines vierstufigen Entwicklungsmodells 
nachzeichnen. Während Unternehmen auf den ersten drei Stufen durch triviale, nut- 
zenorientierte, idealistische und bisweilen wenig pragmatische Sichtweisen auf nach- 
haltiges Wirtschaften gekennzeichnet sind, zeichnen sich Unternehmen auf der vier- 
ten (und damit höchsten) Stufe durch systemisches Denken aus. Sie erkennen, dass 
nachhaltiges Wirtschaften nicht ausschließlich zu Win-win-Situationen führt, son- 
dern häufig durch Spannungen, Paradoxien und Widersprüchen gekennzeichnet ist 
(Hahn et al., 2015). Dies macht sie jedoch nicht handlungsunfähig. Vielmehr akzeptie- 
ren sie die Komplexität nachhaltigen Wirtschaftens und halte diese aus. Hierfür über- 
nehmen die Führungskräfte und Mitarbeiter:innen Verantwortung für die Prozesse 
der Gesamtunternehmung und gestalten diese mit. Damit sie diese Aufgaben über- 
nehmen können, benötigen sie insbesondere eine offene und gleichzeitig kritische 
Haltung gegenüber Ideen und Veränderungen sowie zugleich ausgeprägtes fach- 
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liches Wissen und Können, um die Realisierbarkeit von Ideen zu bewerten und Ent- 
scheidungen letztlich in Handlungen zu überführen (Berding et al., 2018). 

Die Berufsbildung für eine nachhaltige Entwicklung sollte als wissenschaftliche 
Disziplin die personalen Grundlagen für Unternehmensentwicklungsprozesse in 
Richtung der vierten Stufe wirksam unterstützen. Auf welche Art und Weise sie hier 
tätig werden kann, wird im folgenden Kapitel skizziert. 


3 _ Berufsbildungsforschung für eine nachhaltige 
Entwicklung 


Es lassen sich zwei Ausrichtungen innerhalb der Berufsbildungsforschung unter- 
scheiden, die nicht vereinbar miteinander schienen bzw. scheinen (Euler, 2018). Es 
handelt sich dabei zum einen um einen distanzierten Forschungstypus, der sich stark 
am Paradigma der empirischen Lehr-Lernforschung orientiert und insbesondere die 
Entwicklung und Prüfung von Theorien beabsichtigt. Zum anderen kann ein For- 
schungstypus ausgemacht werden, der berufliche Praxis (mit-)gestalten und verbes- 
sern möchte und in der Tradition der Modellversuche bzw. der Modellversuchsfor- 
schung steht (Sloane & Fischer, 2018). An beiden Forschungstypen wurde in der 
Vergangenheit berechtigte Kritik geübt: So wird Forschungsprojekten aus der Lehr- 
Lernforschung häufig vorgeworfen, dass die empirisch und/oder analytisch ermittel- 
ten Erkenntnisse wenig anwendbar und kaum praxisrelevant sind (z. B. Fischer etal., 
2005). Der gestaltungsorientierten Forschung bzw. der Modellversuchsforschung 
wird entgegengehalten, dass sie wissenschaftliche Standards unzureichend beachtet 
und hervorgebrachte Ergebnisse äußerst selten in beruflichen Bildungspraxis verste- 
tigt werden, was zum einen auf die geringe Transferierbarkeit der Ergebnisse zurück- 
geführt wird, zum anderen aber auch auf die als eher nachrangig betrachtete Dissemi- 
nation bzw. Bekanntmachung von Modellversuchen (z. B. Beck, 2003; Rauner, 2002). 
Für die Berufsbildung für eine nachhaltige Entwicklung haben sicherlich beide 
Forschungstypen ihre Relevanz. So lassen sich über einen distanzierten Forschungs- 
zugang belastbare Erkenntnisse gewinnen, auf deren Grundlage weiterführende (Pra- 
xis-) Forschung ansetzen kann (z.B. Berding et al., 2020; Slopinski et al., 2020). Refle- 
xionen und Berichte aus Modellversuchen wiederum können u.a. zur Sichtbarkeit 
von Good-Practice-Beispielen in unterschiedlichen Kontexten dienen (z.B. Pranger & 
Hantke, 2020; Reißland & Müller, 2020). Sollen jedoch Unternehmen bei der Integra- 
tion von Nachhaltigkeit in ihr Kerngeschäft effektiv unterstützt werden, müssen Pra- 
xisgestaltung und Theorieentwicklung gleichwertig gedacht werden. Hierfür ist ein 
partnerschaftliches Verhältnis zwischen Akteuren aus der Wissenschaft und der un- 
ternehmerischen Praxis notwendig. Die Produktion empirisch belastbarer Aussagen 
obliegt dann nicht mehr der Wissenschaft allein. Im erziehungs- und bildungswissen- 
schaftlichen Diskurs werden solche Partnerschaften unter verschiedenen Begriffen 
diskutiert. International besonders viel Beachtung findet dabei der Design-Based 
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Research-Ansatz. Im folgenden Kapitel werden die Grundziige dieses Forschungs- 
zugangs vorgestellt. 


4 Grundprinzipien von Design-Based Research 


Design-Based Research ist ein relativ junges Forschungsparadigma. Es entstand im 
angloamerikanischen Sprachraum in den frühen 1990er-Jahren als eine Antwort auf 
die oben angesprochene mangelnde Anwendbarkeit und Praxisrelevanz „traditionel- 
ler“ distanzierter Ansätze der Bildungsforschung (Barab & Squire, 2004). Seither ist 
eine Vielzahl an Forschungsprojekten national wie international an ganz verschiede- 
nen Lernorten durchgeführt worden. So lassen sich Publikationen jüngeren Datums 
an Hochschulen bspw. mit Nachhaltigkeitsbezug (z. B. Weber et al., 2014), im Rahmen 
der Lehrerbildung (z.B. Malmberg etal., 2020) oder mit Fokus auf das Studium der 
Wirtschaftspädagogik (z. B. Fernandez & Slepcevic-Zach, 2018) ausmachen. Am Lern- 
ort Schule existieren insbesondere Publikationen zu Forschungsprojekten in Gymna- 
sien (z. B. Knogler & Lewalter, 2014), hier z. T. auch unter einer wirtschaftsdidaktischen 
Perspektive (z.B. Euler etal., 2018). Auch an berufsbildenden Schulen bzw. Berufskol- 
legs werden DBR-Projekte durchgeführt (z. B. Krakau, 2017). Die Veröffentlichungen 
über Ergebnisse der DBR-Forschung am Lernort Betrieb stehen in der Anzahl deut- 
lich hinter jenen am Lernort Schule zurück (im Rahmen der Berufsbildung für eine 
nachhaltige Entwicklung z.B. Frerichs et al., 2021). 

Die Forschungsprojekte, die sich dem Design-Based Research-Ansatz verschrei- 
ben, folgen dabei keiner allgemein akzeptierten Definition von DBR. Allerdings 
lassen sich Grundprinzipien erkennen, die sich in den Begriffsbestimmungen und 
Merkmalsbeschreibungen wiederfinden lassen. So betrachten Ford, McNally und 
Ford (2017, S.50) Design-Based Research nicht als eine einheitliche Forschungsme- 
thodologie, sondern definieren den Ansatz als „collaborative approach that engages 
both researchers and practitioners in the iterative process of systematically analyzing, 
designing, and evaluating educational innovations and interventions aimed at solving 
complex, real-world educational problems“. In dieser Definition werden die Grund- 
prinzipien von DBR deutlich: Es handelt sich um einen Forschungszugang, der als 
Ziel die Lösung realer Bildungsprobleme sowie gleichzeitig die Theorieentwicklung im 
Blick hat und diese Ziele über iterative Zyklen von Design und Evaluation sowie eine 
enge Kooperation von Wissenschaft und Bildungspraxis zu erreichen sucht (hierzu auch 
Anderson & Shattuck, 2012). Diese Prinzipien werden im Folgenden weiter ausdiffe- 
renziert. 


Lösung realer Bildungsprobleme 

Grundsätzlich sollte der Ausgangpunkt von DBR-Studien die Lösung eines realen, 
offenen und komplexen Problems in der Bildungspraxis darstellen. Sind jedoch die 
Ausgangsbestimmungen sowie die Ziele und die Schritte, die notwendig sind, um 
von der Ausgangssituation zum Zielzustand zu gelangen, bekannt, bietet sich der 
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DBR-Ansatz aufgrund seines Ressourcen- und Zeitinvestments nicht an (Kelly, 2010, 
S.74f.). Offene und komplexe Probleme zeichnen sich dadurch aus, dass die zu errei- 
chenden Kompetenzen und das zu erwerbende Wissen noch nicht festgelegt sind, 
sondern sozial ausgehandelt werden miissen. Im Zuge dessen bestehen bei offenen 
und komplexen Problemen der Bildungspraxis nur vage fachdidaktische Erkennt- 
nisse, wie die Lernziele erreicht werden können. Zusätzlich mangelt es an konkreten 
didaktisch-methodischen Angeboten (z. B. Lehr-Lernmaterialien) (Seufert, 2014, S. 88). 

Mit der Betonung der Problemlösung grenzt sich der DBR-Ansatz von klas- 
sischen Experimentalstudien ab: Statt einen bestimmten Sachverhalt oder einen Ge- 
genstand in den Fokus des Forschungsinteresses zu stellen (bspw. Einsatz und Wir- 
kung eines digitalen Mediums in einem Kontrollgruppendesign) setzt DBR an 
Problem- und Fragestellungen an, für die noch keine bewährten Lösungen existieren 
(Reeves & Lin, 2020, S.1998). Für Lösungen praxisrelevanter Probleme werden in 
DBR-Projekten Interventionen entwickelt, die je nach Fragestellung in Form von Pro- 
dukten, Programmen, Prozeduren, Materialien oder Medien gestaltet werden (Plomp, 
2007, S.13; van den Akker, 1999, S.5). Die Lösung realer Bildungsprobleme ist damit 
insgesamt zwar Auslöser von DBR-Projekten, gleichrangig zur Lösung dieser Pro- 
bleme wird jedoch die Theorieentwicklung betrachtet. 


Theorieentwicklung 

In Design-Based Research spielt Theorie in gleich zwei Fällen eine wichtige Rolle. 
Zum einen identifizieren und nutzen DBR-Projekte theoretische und empirisch be- 
stätige Ansätze und Modelle, um hieran die geplanten Interventionen auszurichten. 
Zum anderen soll ein Beitrag zur Theorieentwicklung geleistet werden (Wang & Han- 
nafın, 2005, S.9). Dabei besteht jedoch nicht der Anspruch, Theorien zu entwickeln, 
die allgemein gültig sind. Stattdessen werden kontextsensitive Theorien erarbeitet, 
sog. prototheories (DBRC, 2003, S.5) bzw. design principles (Wang & Hannafın, 2005, 
S.6). Diese theoretischen Erkenntnisse können unterschiedlich ausformuliert wer- 
den. Euler (2014, S.108) schlägt vor, Leitprinzipien von Umsetzungsprinzipien zu un- 
terschieden. Leitprinzipen beschreiben die theoretischen Modelle, die didaktisch- 
methodischen Ausrichtungen sowie die empirischen Befunde, die genutzt wurden, 
um die Intervention zu gestalten. Umsetzungsprinzipien hingegen berichten von 
zentralen und erfolgskritischen Erkenntnissen, die im Laufe der Erprobung und Eva- 
luation der Intervention gesammelt wurden. Dabei sollte deutlich werden, über wel- 
che Evaluationsmethoden die Befunde gewonnen wurden und inwiefern die Erkennt- 
nisse generalisierbar sind. 

Durch das Selbstverständnis, nicht nur die Bildungspraxis zu verbessern, son- 
dern auch belastbare Erkenntnisse für eine Weiterentwicklung der Theorie zu entwi- 
ckeln, emanzipiert sich DBR von der abwertenden Haltung, nichts weiter als „der 
kleine Bruder der quantitativen, experimentellen Bildungsforschung“ (Jahn, 2017, 
S.4) zu sein. Gleichzeitig grenzt sich DBR durch das Hervorheben der Theorieent- 
wicklung von anderen gestaltungsorientierten Forschungsansätzen ab. So wird bspw. 
in der Handlungs- und Aktionsforschung die Theorieentwicklung eher vernachlässigt 
(Moser, 2017, S.46). Ähnlich verhält es sich mit der Modellversuchsforschung, in wel- 
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cher der Transfer der Ergebnisse auch wegen mangelnder Theoriebildung häufig 
nicht gelingt (Seufert, 2014, S.86). Ein weiterer Unterschied zur Arbeit und For- 
schung in Modellversuchen besteht nach Seufert (ebd., S.85) darin, dass Modellversu- 
che eher linear verlaufen. Demzufolge wird eine Intervention entwickelt und gestal- 
tet, in der Praxis erprobt und am Ende evaluiert. DBR setzt hingegen auf iterative 
Zyklen von Entwicklung, Erprobung und Evaluation. Dieser Sachverhalt wird nachfol- 
gend spezifiziert. 


Iterativer Forschungszyklus 

In DBR-Studien wechseln sich die Gestaltung und Entwicklung von Interventionen, 
deren Erprobung im Feld und die methodisch angeleitete Evaluation ab (Reinmann, 
2007, S.211). Das meint, dass die Evaluation der Intervention Hinweise darauf gibt, 
wie gut die beabsichtigten Lehr-Lernziele erreicht wurden und welche Faktoren hier- 
für verantwortlich waren. Auf dieser Basis lässt sich die Intervention überarbeiten 
(Re-Design-Phase), ehe sie dann erneut erprobt und evaluiert wird. Leitende und auf- 
gestellte Annahmen und design principles werden im Laufe dieses Forschungszyklus 
nicht verworfen, sondern modifiziert. Erst hierdurch kann der Anspruch des Trans- 
fers und der Theorieentwicklung eingelöst werden (Amiel & Reeves, 2008, S. 35). Eine 
Herausforderung besteht darin, den richtigen Zeitpunkt zu erkennen, an dem der 
Zyklus beendet werden kann (Aprea, 2009, S.115). So sprechen Anderson und Shat- 
tuck (2012, S.17) in ihrer Analyse der damals 47 am häufigsten zitierten DBR-Publika- 
tionen nur unspezifisch von „multiplen Iterationen“. Pool und Laubscher (2016) argu- 
mentieren hingegen in einer Pilotstudie, dass belastbare Befunde auch durch die 
Vollendung eines einzelnen Zyklus generiert werden können. Ein Konsens ist folglich 
noch nicht gefunden. 

Mehr noch als die Frage der Anzahl notwendiger Zyklen ist die Frage nach einem 
adäquaten methodischen Vorgehen entscheidend. Oftmals wird jedoch das Re-Design 
ohne empirische Evidenz vorgenommen (Kelly, 2010, S.80). In diesem Zusammen- 
hang empfehlen McKenney und Reeves (2014, S.143) die Evaluation einer Interven- 
tion in drei Phasen mit je spezifischem Fokus zu unterteilen. In einer frühen Phase 
eines DBR-Projekts bzw. schon vor der ersten Erprobung der Intervention sollte dem- 
nach eine Alpha-Testung vorgenommen werden. Ziel ist es, die innere Stimmigkeit 
sowie Realisierbarkeit der geplanten Intervention zu ermitteln. Die Beta-Testung sollte 
nach den ersten praktischen Erfahrungen mit der Intervention eingesetzt werden. Da- 
bei werden Möglichkeiten zur Verbesserung der Intervention erhoben und zur Verste- 
tigung, Institutionalisierung und zum Transfer geprüft. Die Gamma-Testung findet 
gegen Ende des DBR-Projekts statt. Im Fokus steht dabei die Frage, inwiefern das 
ursprüngliche Problem gelöst werden konnte und wie die Ergebnisse generalisierbar 
sind (Raatz, 2016, S.54ff.). Welche konkreten Forschungsmethoden in DBR-Studien 
geeignet sind, wird offen diskutiert. So bietet sich eine Vielzahl qualitativer und quan- 
titativer Methoden der empirischen Sozialforschung an, die in vielen Fällen auch im 
Sinne einer Methodentriangulation miteinander kombiniert werden (DBRC, 2003, 
S.7). Bei der Entscheidung für bestimmte Methoden sollten dabei einerseits die kon- 
kreten Ziele des DBR-Projekts beachtet werden, andererseits muss auch angemessen 


234 Design-Based Research im Kontext der Berufsbildung fiir eine nachhaltige Entwicklung 


reflektiert werden, inwiefern Forscher:innen in die Gestaltung und Erprobung der 
Interventionen involviert sind. Hiermit verbunden sind auch prinzipielle Überlegun- 
gen der Kooperationsbeziehung von Wissenschaft und Praxis, auf die nachfolgend 
weiter eingegangen wird. 


Kooperation zwischen Wissenschaft und Praxis 

Forscher:innen und Vertreter:innen aus der Bildungspraxis haben ihre je eigenen 
Wissensbestände, Überzeugungen und Ziele. Kooperieren sie in einem DBR-Projekt, 
so haben sie nicht nur ihre je eigene Perspektive auf das zugrunde liegende Bildungs- 
problem, sondern auch ihre je eigenen Vorstellungen davon, wie eine geeignete Pro- 
blemlösung aussehen könnte. Wenn eine echte Kooperation auf Augenhöhe aufge- 
baut werden soll, müssen gegenseitige Erwartungen und Rollenzuschreibungen offen 
und transparent diskutiert und Ziele abgestimmt werden. Andernfalls besteht das Ri- 
siko, dass Vertreterinnen aus der Praxis von der Perspektive der Forschung überwäl- 
tigt werden und alle Vorschläge akzeptieren, die von Seiten der Wissenschaft hervor- 
gebracht werden (Moser, 2017, S.48). Hierdurch etabliert sich die in DBR-Projekten 
häufig zu beobachtende Distanz zwischen „wir“ — den Praktiker:innen - und „euch“ - 
den Forscher:innen (Iversen & Jönddöttir, 2018, S.21). Eine gelingende Kooperation 
zwischen den institutionellen Partnern eines DBR-Projekts ist somit keineswegs 
selbstverständlich. 

Idealtypisch arbeiten Wissenschaft und Praxis eng zusammen, können aber auch 
ihr jeweiliges Expertenwissen in ihrer jeweiligen Domäne geltend machen (Anderson 
& Shattuck, 2012; Wang & Hannafin, 2005). So werden häufig die Interventionen ge- 
meinsam entwickelt, damit schon früh Aufgaben definiert und verteilt werden kön- 
nen. Im Rahmen der Erprobung ziehen sich die Forscher:innen dann zurück, damit 
die Praktiker:innen ihre Expertise ausspielen können, indem sie die Intervention im 
hierfür vorgesehenen Feld erproben können. Im Rahmen der Evaluation treten dann 
die Forscher:innen vermehrt in den Vordergrund, indem sie wissenschaftliche Metho- 
den einsetzen und Daten aufbereiten und auswerten. In der Phase des Re-Designs 
treten nunmehr Wissenschaft und Praxis erneut zusammen. Denn die Interpretation 
der Daten, die Ableitung notwendiger Modifikationen und die Entwicklung kontext- 
sensitiver Theorien ist eine gemeinschaftliche Aufgabe, in die die Partner:innen ihre 
jeweiligen Expertisen einbringen können. Solch eine idealtypische Aufgabenteilung 
ist jedoch keineswegs ein Zwang, der für den Erfolg einer DBR-Studie kritisch ist. So 
ist es durchaus nicht unüblich, wenn Forscher:innen selbst Interventionen durchfüh- 
ren (z. B. Aprea, 2007). 

Nach der Klärung wesentlicher Merkmale von DBR-Projekten zeigt sich, dass 
DBR für BBNE-Projekte an allen Lernorten beruflicher Bildung eine attraktive und 
zugleich herausfordernde Möglichkeit darstellt, die Verbesserung der Bildungspraxis 
mit der Generierung belastbarer empirischer Befunde zu verbinden. Wie eingangs 
dargelegt, fokussiert dieser Beitrag den Lernort Betrieb. Nachfolgend werden daher 
Herausforderungen beschrieben, die im Rahmen von DBR-Projekten im unterneh- 
merischen Kontext bewältigt werden müssen. 
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5 Chancen und Herausforderungen von DBR am Lernort 
Betrieb 


Vereinbaren Wissenschaft und unternehmerische Praxis, im Rahmen eines DBR-Pro- 
jekts zusammenzuarbeiten, das sich im Kontext der BBNE bewegt, lassen sich sicher- 
lich zahlreiche allgemeine und spezifische Herausforderungen ableiten. In diesem 
Kapitel werden (dem Umfang dieses Beitrags geschuldet) drei Aspekte betrachtet, die 
fiir den Erfolg von DBR-Projekten von entscheidender Bedeutung und daher beson- 
ders zu beachten sind. 


Klärung gemeinsamer Ziele 

Das Ziel von DBR-Projekten, in denen sich Unternehmen und wissenschaftliche Part- 
ner aus der Berufs- und Wirtschaftspädagogik engagieren, besteht wie oben angeklun- 
gen darin, die Kompetenzen von Mitarbeiter:innen und Führungskräften zu identi- 
fizieren, zu erfassen und handlungswirksam zu befördern, die für nachhaltigkeits- 
orientierte Unternehmensentwicklungsprozesse bedeutsam sind (vgl. Kap.1). Im 
Kern geht es somit um die Gestaltung eines nachhaltigen Lernorts (Feichtenbeiner 
etal., 2020). Mit einer solchen abstrakten Zielformulierung kann die Arbeit in DBR- 
Projekten jedoch nicht unmittelbar beginnen. Vielmehr muss gemeinsam eruiert 
werden, wie dieses Ziel konkretisiert werden kann. Dies ist keineswegs eine einfache 
Aufgabe für die Projektpartner:innen aus Unternehmen und Wissenschaft. So gilt es 
bspw. zu klären, was die regulative Idee der Nachhaltigkeit für das jeweilige Unter- 
nehmen bedeutet, auf welcher Entwicklungsstufe nachhaltigen Wirtschaftens sich 
das Unternehmen befindet (vgl. Kap. 2) und welche Anknüpfungspunkte hieraus ab- 
geleitet werden können. Hieran schließt sich die Frage an, welche Kompetenzen zur 
Zielerreichung befördert werden müssen. Im Rahmen der BBNE ist ein Konsens auf 
eine allgemein akzeptierte Formulierung von Kompetenzzielen jedoch nicht erkenn- 
bar. Vielmehr existieren mehrere Modelle, die verschiedene Aspekte nachhaltigkeits- 
orientierten beruflichen Handelns fokussieren (z. B. Berding et al., 2018; Kuhlmeier & 
Vollmer, 2018). 

Sind das Ziel des intendierten DBR-Projekts sowie die für die Zielerreichung not- 
wendigen Kompetenzen der Mitarbeiter:innen und Führungskräfte definiert, kann 
die komplexe bildungspraktische Problemstellung konkretisiert werden. Hierfür eig- 
net sich vor allem eine Betrachtung des Ist-Zustands im Vergleich zum Soll-Zustand. 
Auf dieser Basis können nun methodisch-didaktische Überlegungen anschließen, an 
deren Ende ein Design einer Intervention steht, das für die Transformation in den 
Soll-Zustand geeignet sein könnte. Hierbei steht je nach Lehr-Lernziel, Lerngegen- 
stand und Zielgruppe die ganze Breite an Lehr-Lernarrangements offen, bspw. die 
Durchführung von Workshops für Mitarbeiter:innen (Berding et al., 2017) oder auch 
das Angebot einer Zusatzqualifikation für Auszubildende (Panschar et al., 2020b). Zu 
hinterfragen ist jedoch, inwiefern eine solche Einzelfalllösung zu Erkenntnissen füh- 
ren kann, die in begrenztem Rahmen generalisierbar sind. 
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Generalisierbarkeit der Projektergebnisse 
An DBR-Projekten wird die mangelnde bzw. begrenzte Verallgemeinerbarkeit der Er- 
kenntnisse häufig als Schwäche angeführt (zusammenfassend Koppel, 2017, S.164f.). 

In der Gewissheit, dass sich weder die genaue Projektdurchführung noch die 
Projektergebnisse replizieren lassen und die Stichprobenumfänge recht überschau- 
bar sind, können und wollen DBR-Studien jedoch gar nicht den Anspruch einer voll- 
ständigen Generalisierbarkeit der Befunde verfolgen. Die gewonnenen Erkenntnisse 
sollen vielmehr zu einer kontextspezifischen und domänenunabhängigen Theoriebil- 
dung und -entwicklung beitragen. Hierfür sind Qualitätskriterien zu entwickeln und 
zu begründen. Ein Ansatzpunkt zur Entwicklung geeigneter Kriterien könnte ein 
Blick in den Diskurs um die Forschungsqualität des Mixed-Methods-Ansatzes bieten 
(z. B. Bryman, 2014.) 

Im Zusammenhang mit einer nachhaltigen Unternehmensentwicklung kommt 
für die Theorieentwicklung erschwerend hinzu, dass bildungspraktische Lösungen, 
die in einem Unternehmen erfolgreich waren, in einem anderen Unternehmen an 
falsche Prämissen anknüpfen, verfehlte Ziele verfolgen und sich nicht an den jewei- 
ligen Zielgruppen orientieren könnten. Die Ursachen hierfür lassen sich vor allem in 
der Tatsache finden, dass es keine Patentrezepte für nachhaltiges Wirtschaften gibt 
und daher jedes Unternehmen auf Grundlage eigener Stärken, Schwächen und 
Strukturen individuelle Ansätze und Maßnahmen finden und etablieren muss (Ebin- 
ger & Schwarz, 2003, S.309f.). Als Konsequenz aus diesen Feststellungen lässt sich 
für DBR-Projekte im Kontext der BBNE ableiten, dass einerseits auf ein stimmiges 
Forschungsdesign und Einbezug bewährter qualitativer und quantitativer Methoden 
der empirischen Sozialforschung geachtet werden sollte und andererseits mehrere 
Unternehmen in die Durchführung von Interventionen einbezogen werden sollten 
(exemplarisch Slopinski et al., 2017). 

Auf diese Weise ließen sich nicht nur belastbare empirische Ergebnisse generie- 
ren, die auf einem soliden forschungsmethodischen Fundament basieren, sondern 
auch Interventionen entwickeln, die über den Einzelfall hinaus Kompetenzen für 
nachhaltiges Wirtschaften befördern und zu einer nachhaltigkeitsorientierten Unter- 
nehmensentwicklung beitragen. Entscheidende Gelingensbedingung hierfür ist je- 
doch die transparente und unterstützende Kooperation der Praktiker:innen und For- 
scher:innen und eine klare Rollenbeschreibung. 


Kooperation und wissenschaftliche Distanz 

Belastbarkeit und Glaubwürdigkeit sind zwei wesentliche Leitgedanken von DBR- 
Projekten (Barab & Squire, 2004, S.6f.). Diese Ambitionen sind jedoch nur dann ein- 
lösbar, wenn Praktiker:innen und Forscher:innen ihre Rollen kennen und sich einan- 
der bei der Planung, Durchführung und Evaluation der im DBR-Projekt entwickelten 
Interventionen unterstützen. Wie in Kapitel 4 dargestellt äußert sich die Verteilung 
der Rollen zumeist darin, dass die Praktiker:innen für die Durchführung der Inter- 
ventionen verantwortlich sind, während die Forscher:innen vor allem die methodisch 
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angeleitete Evaluation übernehmen. Im Kontext der BBNE ist diese Rollentrennung 
jedoch bisweilen nur schwerlich möglich. 

Da sich die Interventionen mit unternehmensspezifischen Belangen auseinan- 
dersetzen müssen und Lehr-Lernziele, Lerninhalte und Zielgruppe zusätzlich variie- 
ren können, kann in DBR-Projekten mit dem Fokus BBNE kaum auf Lehrpersonen 
aus der Bildungspraxis (z.B. Dozent:innen aus der beruflichen Weiterbildung) zu- 
rückgegriffen werden, die für eine Umsetzung der Intervention unmittelbar geeignet 
und/oder verfügbar sind. Praktiker:innen in DBR-Projekten im Kontext der BBNE 
sind vielmehr die Mitarbeiterinnen und Führungskräfte aus den Stabsstellen und Ab- 
teilungen von Unternehmen, die sich mit Personalfragen und strategischen Entschei- 
dungen auseinandersetzen. 

So ist es nicht unüblich, dass die Forscher:innen die Realisierung der Intervention 
verantworten (Berding etal., 2017; Panschar etal., 2020b). Hieraus ergibt sich jedoch 
die Herausforderung für Forscher:innen, sich permanent in einem Spannungsfeld zu 
bewegen, da sie einerseits unmittelbar in der Entstehung von Lehr-Lernsituationen 
involviert sind und andererseits Daten gewinnen wollen, die möglichst unabhängig 
von ihrer Person sind. Dieses Spannungsfeld lässt sich zumeist nicht auflösen. Daher 
schlagen Slopinski etal. (2017, S.9) vor, im Feld gewonnene Erfahrungen und Be- 
obachtungen zu dokumentieren (bspw. in einem Forschungsjournal) und kommuni- 
kativ zu validieren sowie Daten gemeinschaftlich im Team (bestenfalls aus For- 
scher:innen und Praktiker:innen) zu analysieren. Zusätzlich ist es erforderlich, dass 
sich Forscher:innen über vier sich ergänzende Rollen bewusst sind, die sie in DBR- 
Projekten im Kontext der BBNE übernehmen (ebd., S. 16 f.): Demnach sind sie (1) Im- 
pulsgeber:innen für Veränderungen, weil sie an der Gestaltung eines geeigneten De- 
signs einer Intervention für den Erwerb nachhaltigkeitsorientierter Kompetenzen 
und für die Initiierung nachhaltigkeitsorientierter Unternehmensentwicklungspro- 
zesse mitwirken. Sie sind zudem häufig (2) aktive Gestalter:innen, da sie die Interven- 
tionen durchführen. Sie sind (3) Analytiker:innen, die Erhebungsinstrumente entwi- 
ckeln, einsetzen und auswerten. Und schließlich sind sie (4) teilnehmende Beobach- 
ter:innen, die mit offenen Augen und Ohren DBR-Projekte vorantreiben und in vielen 
Fällen zu Erkenntnissen gelangen, die nicht durch einen vorab geplanten Methoden- 
einsatz entstehen. Auch diese Erkenntnisse können jedoch für den Erfolg eines Pro- 
jekts von Belang sein und sind daher zu explizieren und zu reflektieren. 


6  Schlussbetrachtung 


Werden die in diesem Beitrag beschriebenen Herausforderungen vom Projektteam 
aus Wissenschaft und Praxis gemeinsam bearbeitet, können DBR-Projekte im Kon- 
text der BBNE entstehen, in denen Theorieentwicklung und Praxistransfer konstitu- 
tive Elemente sind. Mit anderen Worten: Kooperative Forschungsprojekte zwischen 
Wissenschaft und Praxis, die den Grundprinzipien von DBR folgen, haben das Poten- 
zial, Kompetenzen für nachhaltiges Wirtschaften handlungswirksam zu fördern und 
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nachhaltigkeitsorientierte Unternehmensentwicklungsprozesse zu initiieren und zu- 
gleich belastbare empirische Ergebnisse hervorzubringen, die fiir die Theorieentwick- 
lung der Berufsbildung fiir eine nachhaltige Entwicklung gewinnbringend und not- 
wendig sind. Erste Befunde aus DBR-Projekten im Kontext der BBNE bekräftigen die 
These (z. B. Frerichs et al., 2021). 

Das Heben dieses Potenzials setzt jedoch voraus, dass DBR-Projekte über geeig- 
nete strukturelle Rahmenbedingungen verfügen. Die entwickelten Interventionen 
können noch so innovativ, das forschungsmethodische Vorgehen noch so transparent 
und die Kooperation noch so intensiv sein, wenn es den Projekten an Zeit und Hand- 
lungsspielräumen mangelt. Gerade die Förderung durch Drittmittel setzt jedoch häu- 
fig voraus, dass im Vorfeld bereits ein dezidierter Arbeitsplan vorgelegt werden muss, 
der Kreativität und Flexibilität bisweilen untergraben kann (Jahn, 2017, S.13). Eine 
einfache Lösung für dieses Problem existiert sicherlich nicht. Förderprogramme sind 
zum einen häufig zeitlich befristet, andererseits müssen Kriterien verwendet werden, 
nach denen die Möglichkeiten auf Projekterfolge evaluiert werden können. Die Trans- 
fer-Initiative des BIBB (2020), das aus Mitteln des BMBF ausgewählte Modellversuche 
aus dem Förderschwerpunkt „Berufsbildung für nachhaltige Entwicklung 2015-2019“ 
zur Verstetigung und Breitenwirksamkeit fördert, könnte vor diesem Hintergrund ein 
guter Ansatzpunkt sein, um DBR-Projekten eine längerfristige Perspektive für grö- 
Bere Gestaltungsspielräume zu geben. 
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Nachhaltigkeitsaudits als innovative 
Lernarrangements fiir BBNE 


FRANK DIEBALL, MALENA PFEIFFER, DANIEL PITTICH, RALF TENBERG, 
ECKART DIEZEMANN 


Zusammenfassung 


Der vorliegende Beitrag setzt sich mit der Bedeutung von Lernorten der beruflichen 
Bildung im Zuge einer BBNE sowie der diesbezüglichen Kompetenzentwicklung aus- 
einander. Dabei wird entlang des BIBB-Modellversuchs „NAUZUBI“ ein möglicher 
Ansatz skizziert, der darauf ausgerichtet ist, eine integrative Kompetenzentwicklung 
in Nachhaltigkeitsthemen zu ermöglichen. Ausgangspunkt sind dabei betriebliche 
Nachhaltigkeitsaudits, die im vorliegenden Ansatz als kontextualisierte Zugänge für 
berufliche Lernanlässe dienten. Diese wurden in aufeinander abgestimmten Schrit- 
ten im betrieblichen und schulischen Lernen reflektiert. Im Beitrag werden das 
Grundkonzept sowie die entsprechenden Umsetzungserfahrungen beschrieben. Es 
werden ferner Herausforderungen und Potenziale für das betriebliche, berufsschu- 
lische und das lernortkooperative Lernen und damit die integrative Kompetenz- 
entwicklung dargestellt. 


Schlagworte: Lernortkooperation, BBNE, Nachhaltigkeit, Kompetenz, berufliche Bil- 
dung, Modellversuch 


Abstract 


This article deals with the importance of learning venues in vocational education and 
training in the course of BBNE and the related competence development. A possible 
approach is outlined along the lines of the BIBB pilot project "NAUZUBI", designed 
to enable integrative competence development in sustainability topics. The starting 
point for this is in-company sustainability audits, used in the present approach as con- 
textualized access points for vocational learning occasions. These were reflected in 
further steps in company and school learning. The article describes the fundamental 
concept as well as the corresponding experiences ofimplementation. 

Integrative competence development is portrayed by demonstrating further chal- 
lenges and potentials for workplaces, vocational school learning and cooperative learn- 
ing in the context of learning venues. 


Keywords: cooperative learning, BBNE, sustainability, competence, vocational educa- 
tion, pilot project 
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1 Ausgangslage 


11 Nachhaltigkeit und die Bedeutung für das beruflich-technische Lernen 
Ökologisch notwendige und gesellschaftlich erwünschte Entwicklungen rund um die 
drei Säulen der Nachhaltigkeit (Ökologie, Ökonomie und Soziales (vgl. UN, 2015, 
S.3)) stellen insbesondere produzierende Unternehmen vor neue Herausforderun- 
gen, bieten gleichzeitig aber auch Raum für innovative Lösungen für langjährige He- 
rausforderungen sowie die Möglichkeit, neue Geschäftsfelder zu besetzen. 

Aus betrieblicher Sicht ist Nachhaltigkeit daher ein vielschichtiges Thema, so tra- 
gen Betriebe zum einen in ethischer Hinsicht eine gesellschaftliche Verantwortung, 
die sie mitunter zwingt, zwischen ökonomischen, ökologischen und sozialen Aspek- 
ten abzuwägen. Zum anderen gibt es konkrete Wünsche und Vorgaben von Kunden 
und Lieferanten sowie zunehmende staatliche Normen (z.B. ISO-Normen, Bericht- 
erstattung etc.), welche die Betriebe zum nachhaltigen Handeln anhalten (vgl. Pittich, 
2018, S. 14). 

Nicht nur das akademisch ausgebildete Personal, sondern insbesondere auch 
Facharbeiter:innen, die sich in ihrer beruflich-betrieblichen Praxis operativ mit den 
genannten Herausforderungen auseinandersetzen, benötigen Kenntnisse und Kom- 
petenzen, welche es ihnen erlauben, selbstständig und kreativ mit praktischen Pro- 
blemstellungen, welche die betriebliche Nachhaltigkeit betreffen, umzugehen. 


„Im Hinblick auf flache betriebliche Hierarchie in den Produktions- und Servicebereichen 
sowie die etablierten Qualitätsmanagement-Systeme (KVP, Shopfloor-Management, 
TQM, u.a.) ist Facharbeit auch unmittelbar an erweiterte Bezugs- und Entscheidungsebe- 
nen gekoppelt, sodass davon ausgegangen werden kann, dass Nachhaltigkeitsthemen, 
welche sich im operativen Geschehen eröffnen, über wirksame zyklische Prozesse an die 
entsprechenden Entscheidungsstellen der jeweiligen Organisation transportiert werden. 
Facharbeiter:innen können sich dabei in allen Phasen sowohl informativ als auch gestal- 
tend einbringen. Somit ist Facharbeit als hochwirksamer Entwicklungskontext für nach- 
haltiges Denken und Handeln festzustellen.“ (Pittich, 2018, S. 16) 


Daher erstaunt es kaum, dass das Thema Nachhaltigkeit in der beruflichen Aus- und 
Weiterbildung von zahlreichen Publikationen (u.a. Klemisch & Rauhut 2009; Kuhl- 
meier etal., 2014) und Projekten (u.a. Modellversuchsreihen des BIBB) im Sinne der 
BBNE (Berufliche Bildung für Nachhaltige Entwicklung) verstärkt aufgegriffen wird. 
Ziel von BBNE ist es dabei, Kompetenzen aufzubauen und zu fördern, die dazu befä- 
higen, die Lebens- und Arbeitswelt nachhaltig zu gestalten (vgl. BIBB, 2018, S. 3). 


1.2 Rolle der Lernorte bei der Entwicklung nachhaltigkeitsorientierter 
Kompetenzen 

Die Lernorte Betrieb und Schule haben unterschiedliche Handlungsspielräume und 

-möglichkeiten sowie Potenziale und damit auch Rollen im Rahmen einer integrati- 

ven Ausbildung angehender Facharbeiter:innen. Diese gilt es grundsätzlich, sowie 

speziell in Bezug auf BBNE und den damit verbundenen Kompetenzerwerb, im Sinne 

der Lernortkooperation symbiotisch zu bündeln. Folgend werden die Lernorte in der 
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Einzelansicht skizziert, daran anschließend werden die Potenziale der Lernortkoope- 
ration für den Kompetenzerwerb im Rahmen der BBNE erläutert, um schließlich in 
das Nachhaltigkeitsaudit als konzeptionellen, lernortkooperativen und kompetenzför- 
derlichen Ansatz einzuführen. 

Der Lernort Betrieb ist für Auszubildende Entdeckungs- und Reflexionsraum zu- 
gleich. Entdeckungsraum insofern, als dass Auszubildende mit einem gewissen 
„Ernstcharakter“ (vgl. Schelten, 2010, S.73) branchen-, betriebs- und abteilungsspezi- 
fische Erfahrungen in konkreten Anwendungs- und Handlungssituationen sammeln 
können. In diesem Kontext werden Auszubildende auch früher als bspw. am Lernort 
Schule mit technischen und ökonomischen Neuerungen konfrontiert (vgl. ebd., 
S.73f.). Gleichzeitig ist der Betrieb auch ein Reflexionsraum, in dem die Lernenden 
z.B. mithilfe von technischen Unterweisungen, wie z. B. der 4-Stufen-Methode oder 
der Leittextmethode (vgl. Tenberg, 2018, S. 123 ff.), auf betriebliches Handeln vorberei- 
tet werden bzw. ihr Handeln reflektieren. Diese Reflexion ist jedoch oftmals einge- 
grenzt auf betriebliche, utilitaristische Zielvorgaben. Die Besetzung des Themas 
BBNE im betrieblichen Kontext und die Einsicht, dass Nachhaltigkeit als Ressource 
gegenüber Kunden, Lieferanten und Mitarbeiter:innen gehandelt werden, rückt je- 
doch bei Unternehmen zunehmend in den Fokus (vgl. Osranek, 2017). 

Während am betrieblichen Lernort konkretes Arbeitslernen und Erfahrungsler- 
nen dominieren, kennzeichnet den Lernort Schule tätigkeitsreflexives Lernen mit 
großen theoretischen Anteilen und die Fortführung der Allgemeinbildung (vgl. Schel- 
ten, 2010, S.66). Die Schule hat dabei die Möglichkeit, betriebliche Handlungsvoll- 
züge theoretisch zu fundieren, einzuordnen, zu reflektieren und über den betrieb- 
lichen Kontext hinaus zu adressieren. Sie ist somit — auf Augenhöhe mit dem Betrieb - 
ein eigenständiger Reflexionsraum (vgl. Pätzold, 2003, S.73). Insbesondere das Thema 
Nachhaltigkeit mit seinen vielfältigen Implikationen für das betriebliche Handeln bie- 
tet für das schulische Lernen fächer- und lernfeldübergreifende Ansatzmöglichkeiten 
zur kritischen, kognitiven Auseinandersetzung. Die unterrichtliche Einbindung des 
Themas Nachhaltigkeit darf dabei allerdings nicht als Selbstverständlichkeit betrach- 
tet werden. Schütt-Sayed (2020 S.16) konstatiert, dass der Bildungsauftrag der Lehr- 
kräfte trotz der administrativen Einbindung von BBNE in die Rahmenlehrplane der 
berufsbildenden Schulen „nur zögerlich [...] angenommen und umgesetzt wird“ 
(siehe auch Kap. 3.2). 

Die didaktische, planmäßige Verzahnung von berufspraktischem und berufs- 
theoretischem Lernen kann als Lernortkooperation bezeichnet werden (vgl. Wenner, 
2018, S. 227). 

Die aktuelle Bildungsperspektive beruflicher Handlungskompetenz steht über 
den beiden Lernorten der dualen Ausbildung und soll diese integrieren. Kompeten- 
zen können als Dispositionen zum eigenständigen Handeln verstanden werden (vgl. 
Chomsky, 1965; Weinert 2001; Erpenbeck & Rosenstiel, 2017), wobei kognitive Antizi- 
pation und Reflexion von Handlungen und deren Vollzug als eine Sinneinheit zu ver- 
stehen sind, ganz im Sinne des Dualismus des Kompetenzbegriffs aus Kompetenz 
und Performanz. Das eine zeigt sich im anderen, das andere wird vom einen bedingt. 


246 Nachhaltigkeitsaudits als innovative Lernarrangements für BBNE 


»Kompetent ist also nicht, wer etwas theoretisch verstanden hat, aber nicht umsetzen 
kann und ebenfalls auch nicht, wer etwas nachmacht oder wiederholt. Je umfassender ein 
von einem Menschen beherrschter Tatigkeitsraum ist und je eigenständiger dieser darin 
bei Problemen oder Veränderungen reagieren kann, desto kompetenter ist er.“ (Dieball 
et al., 2021, S. 332) 


Für angehende Facharbeiter:innen bedeutet dies, dass Bildung für nachhaltige Ent- 
wicklung sowohl ein diesbezügliches Denken als auch Handeln erfordert. Das Han- 
deln muss, sofern eine Veränderung im Sinne der Nachhaltigkeit angestoßen werden 
soll, in der Realität erfolgen. Diese Realität können die Betriebe bieten, die für ihre 
Auszubildenden verschiedene Entdeckungsräume öffnen, in denen die Auszubilden- 
den praktische Zusammengänge kennenlernen und Alternativen dazu erproben kön- 
nen (vgl. Pittich, 2018, S. 17). Wie oben beschrieben gibt es am Lernort Betrieb auch 
Reflexionsräume, jedoch findet die Reflexion meist im Kontext der funktionalen be- 
trieblichen Bezüge statt. Im Mittelpunkt stehen Arbeit, Leistung und Effizienz. 


„Um eine Ausweitung, aber auch Relativierung der unmittelbaren betrieblichen Kontexte 
zu gewährleisten und dazu Räume für eine intensive, wissensbasierte, kritische und kol- 
lektive Auseinandersetzung mit den Bezugsräumen, Hintergründen, Verschränkungen 
und Antinomien von Nachhaltigkeit zu schaffen, ist eine unmittelbare Einbindung der 
Berufsschule erforderlich.“ (Pittich, 2018, S. 17) 


Das für den Kompetenzerwerb wesentliche Reflexionswissen, welches das anwen- 
dungs- und umsetzungsabhängige sowie umsetzungsunabhängige Wissen erklärt, 
fundiert und auch transferiert, muss in schulischen Lern- und Reflexionsräumen 
erarbeitet werden (vgl. Tenberg et al., 2019, S. 107 f.). Dies gilt allgemein für fachliche 
Kompetenzen, ebenso wie für spezifisch nachhaltigkeitsbezogene. Der nachhaltige 
Lernort entsteht nach diesem Verständnis über die wissensbasierte, praktische Aus- 
einandersetzung mit konkreten betrieblichen Nachhaltigkeitsthemen. 

Nachfolgend wird das Nachhaltigkeitsaudit als Ansatz vorgestellt, welcher den 
Anspruch hat, die betrieblichen Entdeckungs- und Reflexionsräume mit den schu- 
lischen Reflexionsräumen, kompetenzförderlich zu verbinden, sodass ein nachhal- 
tiger Lernortverbund entsteht. 


2  Nachhaltigkeitsaudits als (gestaltungsorientierter) 
Implementierungsansatz für BBNE in Betrieb und 
Schule 


Das Projekt NAUZUBI richtete sich zentral an Auszubildende im technisch-gewerb- 
lichen Bereich, die vom betrieblichen und schulischen Bildungspersonal bei der Ent- 
wicklung und Umsetzung der sog. Nachhaltigkeits-Audits betreut wurden (vgl. Pittich 
etal., 2017, S.272). Die lernortkooperative Umsetzung der Nachhaltigkeitsaudits 
wurde durch ein Konsortium, bestehend aus fünf ausbildenden Betrieben und drei 
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berufsbildenden Schulen in den Bezugsräumen Siegen und Darmstadt gewährleistet. 
Wissenschaftlich begleitet wurde das Projekt von der TU Darmstadt, der Universität 
Siegen und ab 2019 von der TU München. 

Mithilfe der Nachhaltigkeitsaudits wurden folgende Entwicklungsziele verfolgt: 

1. Die betriebliche und schulische Ausbildung wird lernortkooperativ und kontext- 
spezifisch mit dem Thema Nachhaltigkeit bereichert. 

2. Auszubildende erwerben ein komplexes Wissen und ein umfassendes Verständ- 
nis über Inhalte, Hintergründe und Zusammenhänge von Nachhaltigkeit in der 
gewerblich-technischen Produktion und Dienstleistung. 

3. Auszubildende erleben und erfahren, dass sie in der Lage sind, gewerblich-tech- 
nische Produktion und Dienstleistung hinsichtlich nachhaltigkeitsorientierter 
Aspekte zu entwickeln und zu verbessern. 


Explorativ erprobt wurde der Ansatz des Nachhaltigkeitsaudits im Modellversuch 
NAUZUBI (Nachhaltigkeitsaudits mit Auszubildenden). 


2.1 Auszubildende als Nachhaltigkeitsauditor:innen 

Im Fokus von NAUZUBI standen die „Nachhaltigkeitsaudits“, welche von den Auszu- 
bildenden erlernt, vorbereitet, durchgeführt und reflektiert wurden. Bei einem Audit 
handelt es sich allgemein um ein Instrument des betrieblichen Qualitätsmanage- 
ments (QM), mit dessen Hilfe Unternehmensprozesse, Produkte oder das gesamte 
Managementsystem auf Schwachstellen überprüft und Optimierungen vorgenom- 
men werden können. Brauweiler et al. definieren den Begriff wie folgt: 


„Audit bedeutet Anhörung oder Überprüfung. Audits werden regelmäßig und systema- 
tisch von internen oder externen Beauftragten durchgeführt und sorgfältig dokumentiert. 
Sie haben verschiedene Auslöser und dienen der Beförderung des betrieblichen KVP 
(Kontinuierlicher Verbesserungsprozess). Im Rahmen von Audits sind Auditkriterien zu 
definieren und dafür Auditnachweise zu sammeln. Durch eine Bewertung der Auditnach- 
weise werden Auditfeststellungen und Auditschlussfolgerungen gezogen.“ (Brauweiler 
etal., 2015, S. 6) 


Ein Regelwerk zu verschiedenen Auditarten und zum normativen Ablauf eines Audits 
liefert die DIN EN ISO 19011:2018-10. Da die ISO-Norm sich fiir Ausbildungszwecke 
als zu komplex und ausdifferenziert darstellt, wurde sie fiir die Nachhaltigkeitsaudits 
didaktisch auf die drei Schritte Auditvorbereitung, -durchführung und -nachbereitung 
reduziert (siehe Abb. 1) 


1 Der Modellversuch NAUZUBI ist der vom BMBF finanzierten Förderlinie II „Berufsbildung für nachhaltige Entwicklung — 
Modellversuche 2015-2019“ zuzuordnen. Als Projektträger fungierte das BIBB. 
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Abbildung 1: Didaktisch reduzierter Ablauf eines Audits nach DIN EN ISO 19011:2018-102 


In der Auditvorbereitung identifizieren die Auszubildenden selbstständig konkrete 
Auditanlässe, z.B. rund um das Thema Verschwendung. In Bezug auf die Anlässe 
formulieren die Auszubildenden in einem weiteren Schritt Auditkriterien. Diese Kri- 
terien sind als Regeln anzusehen, die durch die Auszubildenden als zentrale Treiber 
für die Zielerreichung formuliert werden. So formulierten Auszubildenden im Pro- 
jekt bspw. zur Reduzierung der Papierverschwendung (Auditanlass) das Auditkrite- 
rium: „Das Berichtsheft wird nur noch digital geführt und korrigiert“. Durch Messun- 
gen, Beobachtungen und Befragungen werden die Kriterien in regelmäßigen 
Abständen in der Auditdurchführung überprüft und als Kennzahlen dargestellt. Die 
Ergebnisse der Auditierung werden in Auditberichten festgehalten und hinsichtlich 
möglicher Optimierungsvorschläge interpretiert. Die Berichte sollen dann den Mit- 
auszubildenden vorgestellt und besprochen werden. Die Berichte bilden die Grund- 
lage für die Folgeaudits. Durch gestaffelte Reflexionsphasen - Identifizierung von 
betrieblichen Anlässen, Formulierung von Auditkriterien, kriteriengestützte Über- 
prüfung des Ist-Zustandes, Interpretation der Auditergebnisse im Bericht - zielt das 
lernbezogene (Nachhaltigkeits-) Audit darauf, Änderungen im Sinne nachhaltiger Ver- 
besserungsprozesse am Lernort Betrieb anzustoßen, umzusetzen und lernbezogen 
nutzbar zu machen und insbesondere das Verständnis der Auszubildenden zu för- 
dern. Das Nachhaltigkeitsaudit ist somit zentral ein didaktisches Instrument, um die 
Idee betrieblicher Nachhaltigkeit in der Ausbildung zu konkretisieren und zu kontex- 
tualisieren, also für die Auszubildenden am eigenen Handeln erfahr- und sichtbar zu 
machen. Dabei steht explizit die Entwicklung fachlich-methodischer und sozialer 
Kompetenzen im Vordergrund. Personale Kompetenzen dürfen jedoch - auch wenn 


2 Beschreibung des Nachhaltigkeitsaudits in ähnlicher Form in Dieball et al., 2021, S. 323 ff. 
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sie hier eher implizit einbezogen werden — angesichts der affektiv-emotionalen Veran- 
kerung der Thematik nicht vernachlassigt werden. Im fachlichen Bereich miissen die 
Auszubildenden sich primar naturwissenschaftlich und technisch mit dem Thema 
Nachhaltigkeit auseinandersetzen, aber auch das betriebswirtschaftliche Thema Qua- 
lität und Qualitätsmanagement ist von Relevanz, um die Methode Audit kognitiv 
nachvollziehen zu können. Um abzusichern, dass hier anspruchsvolle, also nicht nur 
affektiv hinterlegte, sondern auch kognitiv reflektierte Kompetenzen erworben wer- 
den, wird das betriebliche Nachhaltigkeitsaudit durch Berufsschule angereicht. Dort 
werden vor Beginn der betrieblichen Handlungen die Themen Nachhaltigkeit und 
Qualitätsmanagement durch informatives, reflexives und fiktives Handeln im Fach- 
unterricht einführend aufbereitet (vgl. Pittich, 2018, S.20; Lensing etal., 2018, S.4). 
Konkret wurden im NAUZUBI Projektkontext die KMK-Rahmenlehrpläne für die 
Ausbildungsberufe Werkzeugmechaniker:in und Zerspannungsmechaniker:in analy- 
siert, um Anknüpfungspunkte für die projektbezogenen Themen zu identifizieren 
und eine curricular begründete, inhaltliche Auseinandersetzung an den partizipieren- 
den Projektschulen zu ermöglichen. Nach der betrieblichen Umsetzung der Nachhal- 
tigkeitsaudits wurden die Ergebnisse der Auditierung am Lernort Schule von den 
Auszubildenden präsentiert und im Anschluss über die betrieblichen Bezüge hinaus 
eingeordnet, relativiert und reflektiert. 

An dieser Stelle ist anzumerken, dass durch die Arbeit im Modellversuch, mit 
vorab angefragten betrieblichen und schulischen Konsortialpartnern, weitestgehend 
Idealbedingungen in Bezug auf die Implementierung des Nachhaltigkeitsaudits ge- 
geben waren. Mit Verweis auf den aktuellen Forschungsstand (vgl. Schütt-Sayed, 
2020; Michaelis, 2017) darf zwar davon ausgegangen werden, das BBNE formal in den 
Rahmenlehrplänen angekommen ist, kaum jedoch, dass dies auch systematisch in 
Unterricht und Ausbildung transformiert wurde. 


2.2 Implementierung des Nachhaltigkeitsaudits 

Die Implementierung des Nachhaltigkeitsaudits in die betrieblichen Ausbildungs- 
strukturen lässt sich grob in eine Konzeptions-, eine Qualifikations- und eine Umset- 
zungsphase gliedern (siehe Abb. 2). Folgend sollen die wesentlichen Gelingensbedin- 
gungen und Erfahrungen aus dem Modellversuch in den verschiedenen Phasen 
skizziert werden: 
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Abbildung 2: Pramissenkatalog zur Implementierung des Nachhaltigkeitsaudits (Quelle: eigene Darstellung) 


Konzeptionsphase 

Der erste Schritt in der Konzeptionsphase war die Initiierung eines Austauschs mit 
allen an der betrieblichen Ausbildung beteiligten Akteuren (Ausbildungspersonal, 
Personal, Qualitätsmanagement etc.) um den Ist-Zustand in Bezug auf die betriebs- 
spezifische Auseinandersetzung mit dem Thema Nachhaltigkeit zu identifizieren und 
daran anschließend einen Soll-Zustand zu definieren, der in ein von allen Akteuren 
getragenes Commitment mündet. Im Projekt NAUZUBI einigte man sich betriebs- 
übergreifend darauf, das Thema Verschwendung mithilfe der Nachhaltigkeitsaudits 
in der betrieblichen Ausbildung zu behandeln. Wichtig für die Konzeptionsphase war, 
dass mögliche Hürden bei der Implementierung frühzeitig erkannt werden konnten 
und bestehende betriebliche Strukturen nutzbar gemacht werden. Dieser, im Projekt- 
kontext vom wissenschaftlichen Partner geleitete, betriebsinterne Austausch und das 
Erarbeiten einer für alle Akteure tragfähigen Zielperspektive war wesentlich für die 
Gestaltung des nachhaltigen Lernorts Betrieb. 


Qualifizierungsphase 
Unter Berücksichtigung der Standortfaktoren und betrieblichen Ausgangssituationen 
wurden in der Qualifizierungsphase in enger Abstimmung mit den Betrieben indivi- 
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duelle Ansätze zur ausbildungsbezogenen Konfrontation und Qualifizierung des Aus- 
bildungspersonals und der Auszubildenden mit den Themen Nachhaltigkeit und 
Qualitätsmanagement konzipiert. Für das Ausbildungspersonal wurden „Train-the- 
Trainer Workshops“ von betrieblichen Expert:innen bspw. aus dem Qualitätsmanage- 
ment, dem Rechnungswesen oder der Corporate Responsibility Abteilung durchge- 
führt. Parallel dazu wurden über eine Materialsammlung die projektrelevanten 
Themen inhaltlich aufbereitet und dem Ausbildungspersonal für sein weiteres Arbei- 
ten zur Verfügung gestellt. Daran anschließend wurden weitere „Irain-the-Trainee 
Workshops“ vom Ausbildungspersonal durchgeführt, in denen die Auszubildenden 
in die betriebsspezifischen Ansätze zur ausbildungsbezogenen Umsetzung der Nach- 
haltigkeitsaudits eingeführt wurden. Bei einem Praxispartner wurden die Nachhaltig- 
keitsaudits mithilfe von Leittexten vorbereitet, konzipiert, umgesetzt und reflektiert. 
Bei einem anderen im Projekt involvierten Betrieb erstellten und illustrierten Auszu- 
bildende Anleitungen zu verschiedenen Auditanlässen. Diese ersten Lernergebnisse 
wurden in einem nächsten Schritt durch das Ausbildungspersonal in weiterführen- 
den Train-the-Trainee Workshops aufgegriffen, ausgearbeitet und vertieft. Wesentlich 
für diese Phase war die Qualifizierung der Ausbilder:innen, da diese zum einen für 
Qualität und die korrekte Umsetzung der Nachhaltigkeitsaudits durch die Auszubil- 
denden verantwortlich und zum anderen auch für die Ausbildung zukünftiger Gene- 
rationen zuständig sind und somit als Multiplikatoren für den nachhaltigen Lernort 
Betrieb fungieren. 


Umsetzungsphase 

In der Umsetzungsphase setzten die Auszubildenden selbstständig das Audit in den 
oben beschriebenen Schritten, der Auditvorbereitung, der Auditdurchführung und 
der Auditnachbereitung um. Das Ausbildungspersonal begleitete, beriet, moderierte 
und reflektierte den Umsetzungsprozess der Auszubildenden. Die für den Kompe- 
tenzerwerb hochgradig relevante schulische Auseinandersetzung, in Form der vorbe- 
reitenden inhaltlichen Behandlung der Projektthemen und der abschließenden Refle- 
xion und Relativierung der betrieblichen Nachhaltigkeitsaudits im Fachunterricht, 
musste zeitlich auf die betrieblichen Umsetzungen abgestimmt werden, damit be- 
triebliches und schulisches Lernen synchron miteinander korrespondieren konnte. 


3 _ Herausforderungen und Potenziale der Implementierung 
des Nachhaltigkeitsaudits 


Mit dem didaktischen Instrument „Nachhaltigkeitsaudit“ wurden die in Abschnitt 2. 
dargelegten Entwicklungsziele erreicht, also (1) ein Werkzeug anzubieten, um BBNE 
in kooperierenden Lernorten - hier am Lernort Betrieb und am Lernort Berufliche 
Schule - zu manifestieren und (2) Auszubildenden eine wissensbasierte, praktische 
und letztlich kompetenzförderliche Auseinandersetzung mit BBNE zu ermöglichen. 
Im Rahmen des Modellversuchs konnten an beiden Lernorten Gegebenheiten 
und Moderatoren identifiziert werden, welche für die Implementierung des Audits 
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unterstiitzend wirken, aber auch Faktoren, die eher hemmend wirkten. Diese Heraus- 
forderungen, aber auch Potenziale, gilt es im Folgenden aufzuzeigen, um bestmög- 
liche Voraussetzungen für eine nachhaltigkeitsorientierte Kompetenzentwicklung zu 
ermöglichen. 


31  Herausforderungen und Potenziale in der betrieblichen Umsetzung 

Dem Lernort Betrieb wird sowohl in der Allianz mit Beruflichen Schulen im Rahmen 
der dualen Ausbildung als auch beim im Projekt NAUZUBI verwendeten Konzept der 
Nachhaltigkeitsaudits die Position des praktischen Entdeckungs- und Umsetzungs- 
raums zuteil. Dabei bestimmen diverse strukturelle, organisatorische und unterneh- 
mensphilosophische Gesichtspunkte darüber, in welcher Intensität und Wirkung 
Auszubildende BBNE im Betrieb tätig erfahren können. Zentral waren hier (1) unter- 
nehmerisches Commitment und (2) gelebte Integration nachhaltigen Handelns. 

So ist (1) entscheidende Grundvoraussetzung für das Gelingen von BBNE das 
grundsätzliche Bekenntnis der Geschäftsleitung sowie des Ausbildungspersonals 
zu einem ganzheitlich-nachhaltigen unternehmerischen Handeln bezogen auf Nach- 
haltigkeit. Eine glaubhafte und überzeugte Haltung dieser Personengruppen für die 
Notwendigkeit nachhaltigen Handelns zur Bewältigung aktueller und zukünftiger 
Herausforderungen konnte als Motivator für das Handeln der Auszubildenden beob- 
achtet werden (vgl. Tenberg etal., 2019, S.152). Umgekehrt zeigte sich, dass in Unter- 
nehmen, in denen dieser Grundsatz weniger eindeutig positioniert bzw. kommuni- 
ziert wurde, auch die Umsetzung des im Projekt gewählten Ansatzes der Nachhaltig- 
keitsaudits mit den Auszubildenden schwerfälliger umgesetzt wurde oder es sogar 
zum vorzeitigen Ausscheiden aus dem Projekt kam. 

Zu (2): Neben dem unternehmerischen Commitment erwies sich insbesondere 
die gelebte Integration nachhaltigen Handelns im betrieblichen Tagesgeschäft als es- 
senzieller Gelingensfaktor. Herausforderung war hierbei, neben den täglich anfallen- 
den Arbeiten im Rahmen des Kerngeschäfts, zeitliche sowie räumliche Kapazitäten, 
z.B. zur Durchführung der Nachhaltigkeitsaudits, zu schaffen oder Möglichkeiten 
zum Einüben neuer Gewohnheiten zu eröffnen. Gerade diese Räume scheinen ein 
Fundament für das Handeln von Auszubildenden darzustellen. Konnten die Auszu- 
bildenden die Wirksamkeit ihres nachhaltigen Handelns unmittelbar spüren, wurden 
ihnen Handlungs- und Entscheidungsräume eröffnet und Wertschätzung für ihre Er- 
gebnisse entgegengebracht. Dabei konnte eine größere Beteiligung und Umsetzungs- 
bereitschaft im Rahmen des Projektes beobachtet werden. Den Auszubildenden ein 
solches Umfeld zu bieten, in dem nachhaltigkeitsorientierte Handlungen ermöglicht 
werden, ist Grundlage für das Erreichen des Entwicklungsziels 3, kann aber ebenfalls 
als Herausforderung gewertet werden. 

Gelingt es, diese Herausforderungen bei der Implementierung von BBNE zu 
handhaben, zeichnen sich bedeutsame Potenziale bezogen auf betriebliche Nachhal- 
tigkeit und deren Verankerung in den dort arbeitenden Menschen ab. 

Vor allem der im Rahmen einer BBNE angestrebte Kompetenzerwerb, mit dem 
Fachkräfte in die Lage versetzt werden sollen, „ihr Handeln an möglichen langfristi- 
gen und globalen Wirkungen - bezogen auf Umwelt, Gesellschaft und wirtschaftliche 
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Entwicklungen - zu beurteilen und auszurichten“ (BIBB 2018, S. 3), kann als großes 
Potenzial zur Sicherstellung der Zukunftsfähigkeit von Unternehmen gedeutet wer- 
den. Gerade in diesem Zusammenhang erkannten einige Betriebe innerhalb des Pro- 
jekts, wie wichtig die Bindung von Mitarbeiter:innen ist, um den eigenen Nachwuchs 
zu sichern und diesen im Sinne eines nachhaltigen Wirtschaftens auszubilden. 

Neben diesen langfristigen Potenzialen ergeben sich aber auch durch eine gelun- 
gene Implementierung von BBNE bereits kurzfristig sichtbare Effekte, wie z.B. ge- 
messene Einsparungen durch einen reflektierten Umgang mit Ressourcen wie Werk- 
stoffen, Papier oder Wasser. Solche Erfolge können im Rahmen von Berichtspflichten 
dokumentiert und darüber Ansätze und Prozesse kontinuierlicher Verbesserung auf- 
gezeigt werden. In Ergänzung dessen wird schon seit einigen Jahren der Wandel zu 
einer „green economy“? national und international diskutiert. Überzeugen kann man 
bei diesem Anspruch nur durch Konzepte, die den Nachhaltigkeitsgedanken genuin 
in sich tragen und konsequent umsetzen. Auch im Hinblick auf Gesetzgebungen, die 
zunehmend auch ökologische und soziale Standards fokussieren, sollte sich eine 
frühzeitige und erfolgreiche Implementierung von BBNE positiv auswirken, um die 
Wettbewerbsfähigkeit von Betrieben aufrechtzuerhalten. 


3.2 Herausforderungen und Potenziale in der schulischen Umsetzung 
Bislang ist das Thema Nachhaltigkeit im Bildungsauftrag der Berufsschulen nur im- 
plizit aufgrund der Forderung nach beruflicher und privater Urteils- und Handlungs- 
fähigkeit in sozialer und ökologischer Verantwortlichkeit verankert. Fachliche nach- 
haltigkeitsorientierte Aspekte müssen aktuell sehr partikulär und berufsspezifisch 
aus den Curricula „herausgelesen“ werden, was nichts anderes heißt als die Identifi- 
kation impliziter Lernziele mit entsprechendem Aufwand und allen Interpretations- 
spielräumen. Lehrkräfte, die diese Perspektiven in ihren Unterricht einbezogen ha- 
ben, sehen sich aus den Beobachtungen des Projekts heraus häufig als Einzelkämp- 
fer:innen auf diesem Gebiet. Sie berichten, dass es oft schwer sei, Kolleg:innen zu 
überzeugen ihren Unterricht bzgl. nachhaltigkeitsorientierter Aspekte zu prüfen bzw. 
anzureichern oder für Projekte in der Schule zu motivieren. 

Ein Beschluss vom April 2020 von Bund, KMK, Gewerkschaften und Arbeitgeber- 
verbänden - den zuständigen Akteuren für die Berufliche Bildung in Deutschland - 
bestätigt das bisherige Engagement nachhaltigkeitsorientierter Lehrkräfte explizit: 
Mit der Formulierung von vier neuen sog. Standardberufsbildpositionen wurde ein 
Schritt gegangen, um zukunftsrelevante Themen wie z.B. Digitalisierung und Nach- 
haltigkeit in der dualen Ausbildung fest zu verankern (vgl. BMBF, 2020). Sowohl im 
Betrieb als auch in der Schule sollen die nun prüfungsrelevanten Inhalte vermittelt 
werden. Bei der Standardberufsbildposition „Umwelt und Nachhaltigkeit“ bedeutet 
dies z.B., dass Auszubildende nun über alle Ausbildungsberufe hinweg „Möglichkei- 
ten zur Vermeidung betriebsbedingter Belastungen für Umwelt und Gesellschaft im 
eigenen Aufgabenbereich erkennen und zu deren Weiterentwicklung beitragen.“, 


3 Homepage BMBF: https://www.bmbf.de/de/green-economy-gesellschaftlicher-wandel-564.html (abgerufen am 25.02. 
2021) 
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„Vorschläge für nachhaltiges Handeln für den eigenen Arbeitsbereich entwickeln“ 
oder „unter Einhaltung betrieblicher Regelungen im Sinne einer ökonomischen, öko- 
logischen und sozial nachhaltigen Entwicklung zusammenarbeiten und adressaten- 
gerecht kommunizieren“ (ebd.) können. 

Trotz der nun verbindlich für Schule und Betrieb formulierten Ziele besteht wei- 
terhin die Herausforderung, diese über das Lehrpersonal an die Auszubildenden zu 
vermitteln. Dazu benötigt es weitreichende Weiterqualifizierungen und damit einher- 
gehend eine Bewusstseinsbildung für die Relevanz der Thematiken. Auch für die uni- 
versitäre Lehrpersonenbildung stehen hier Entwicklungen an, insbesondere für die 
Berufs- und Wirtschaftspädagogik und die Fachdidaktiken der beruflichen Domänen. 


3.3 Herausforderungen und Potenziale der Lernortkooperation 

Die für die Durchführung der Nachhaltigkeitsaudits im Entdeckungsraum Betrieb 
relevanten Inhalte wie Kennzahlen, Audits und der Gedanke nachhaltigen Handelns 
selbst sollten im Reflexionsraum Schule aufgegriffen und später nach Anwendung im 
Entdeckungsraum Betrieb reflektiert werden, wie im Entwicklungsziel 1) und 2) ver- 
folgt. Somit sollte dem Gedanken eines integrativen Kompetenzerwerbs Rechnung 
getragen werden. Eine im Projekt identifizierte Herausforderung bestand darin, dass 
enge zeitliche Taktungen und inhaltliche Vorgaben die Vermittlung der für die Nach- 
haltigkeitsaudits relevanten Themen erschwerten. Dieses und ähnliche Probleme 
sind in der Literatur nicht unbekannt, so ist die mangelnde inhaltliche Abstimmung 
der Lernorte u.a. auf die verschiedenen weisungsgebenden Steuerungseinheiten zu- 
rückzuführen: Während Betriebe den Ausbildungsordnungen folgen, somit unter 
bundeshoheitliche Rechtsaufsicht fallen und sich am Berufsbildungsgesetz orientie- 
ren, werden die Rahmenlehrplane von der KMK verabschiedet, aber dann in landes- 
hoheitlicher Rechtsaufsicht umgesetzt (vgl. Schelten, 2010, S.64 ff). Auch wenn die 
Lernorte bspw. laut Berufsbildungsgesetz (BBiG § 2 Abs. 2) bei der Durchführung von 
Berufsbildung zusammenwirken sollen, stellen sich auf der Mikroebene Probleme 
ein, so wird die Zusammenarbeit der Partner oftmals als zu kosten- und zeitintensiv 
empfunden (vgl. Wenner, 2018, S. 224). 


„Dadurch entsteht die Schwierigkeit, dass Auszubildende zwischen zwei relativ unabhän- 
gig voneinander agierenden Bildungswelten (schulische und betriebliche Ausbildung) 
alternieren müssen, deren Berufsbildungspersonal es nicht immer schafft, sich im not- 
wendigen Maße gegenseitig zu informieren, abzustimmen und ggf. gemeinsame Ausbil- 
dungsprojekte umzusetzen. Was dazu führt, dass die Auszubildenden selbst in der Lage 
sein müssen, theoretische und praktische Ausbildungsanteile aufeinander zu beziehen. 
Lernortkooperation und Ausbildungsqualität wird diesbezüglich häufig als noch unzurei- 
chend beurteilt.“ (Tenberg et al., 2019, S. 48 f.) 


Tenberg et. al. bilanzieren daher das Lernortkooperation nach wie vor vielfältige Wei- 
terentwicklungspotenziale aufweist. 

Ein Beispiel für gelungene Lernortkooperation zeigte sich in einer bereits vor 
dem Projekt NAUZUBI entstandenen Zusammenarbeit Schule-Betriebe. Im Rahmen 
des Projekts wurde eine bestehende Kooperation (LEOKOP) zwischen einer Darm- 
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städter Berufsschule und dort angesiedelten Mittelständlern und Großbetrieben um 
die Thematisierung nachhaltigkeitsrelevanter Aspekte erweitert, welche seitdem kon- 
sequent mitgedacht und konkret weitergeführt werden. Bei der bereits über Jahre ge- 
wachsenen Verbindung zwischen den verschiedenen Lernorten im technischen Be- 
reich bearbeiten die Schüler:innen immer pro Jahr ein spezifisches Thema. Während 
der Teilnahme am NAUZUBI-Projekt bestand die Aufgabe darin, eine Steuerung für 
ein schwenk- und drehbares Trägersystem für ein Solarpanel zu entwickeln. Neben 
den technischen Gesichtspunkten setzten sich die Schüler:innen intensiv mit nach- 
haltigkeitsrelevanten Aspekten von Solarenergie auseinander. Z.B. erhielten die Ler- 
nenden gruppenweise Rechercheaufträge zur aktuellen Energiesituation in Deutsch- 
land oder zur Funktionsweise von Solartechnik bzw. Photovoltaik. Andere beschäftig- 
ten sich mit den für Solarpanels benötigten Rohstoffen und Prozessschritten, andere 
mit der Haltbarkeit und Entsorgung oder mit gesundheitlichen Aspekten. Nach mehr- 
wöchiger Bearbeitungszeit stellten die Auszubildenden ihre Projektergebnisse sowohl 
vor betrieblichem Ausbildungspersonal als auch vor Lehrkräften vor. Die aus Sicht der 
Betreuenden überzeugenden Ergebnisse des am Ende des ersten Ausbildungsjahres 
stattfindenden Projekts zeugen von einer guten Kooperation zwischen den Akteuren 
beider Lernorte. Als Voraussetzung für das Gelingen der Lernortkooperation stellten 
die Lehrkräfte und Ausbilder:innen die gewachsenen Strukturen sowie den regelmä- 
igen Austausch fest. Allerdings merkten sie an, dass eine Zusammenarbeit nur dann 
gelingt, wenn man bereit ist, Zeit zu investieren und anfallende Aufgaben (zusätzlich) 
zu übernehmen. Hier wird deutlich, dass eine konsequente Implementierung von 
Nachhaltigkeit in der beruflichen Bildung und somit die Erreichung der gesteckten 
Entwicklungsziele weiterhin nicht ohne eigenständige Ressourcen umgesetzt werden 
können. Persönlicher Idealismus ist hier wichtig, sollte aber nicht institutionell aus- 
genutzt werden. 


4 Fazit und Ausblick 


Das Nachhaltigkeitsaudit wurde als didaktisches Instrument konzipiert und erprobt, 
mit dem Ziel, berufs- und betriebsspezifische Aspekte von Nachhaltigkeit erfahrbar 
und für das berufliche Lernen nutzbar zu machen. Im Zentrum der didaktischen 
Transformation stand die zyklische, praktische und reflexive Grundausrichtung eines 
Audits. Diese Aspekte können in konkreten betrieblichen Anlässen entlang der Struk- 
tur eines Audits aufgegriffen und für ein konzeptualisiertes Lernen in Betrieben ge- 
nutzt werden. Durch diesen Ansatz lassen sich Entdeckungs- und Reflexionsräume 
für die Auszubildenden eröffnen und entsprechend den Lernorten konsistent auf- 
einander beziehen und damit für die Entwicklung nachhaltigkeitsbezogener Kompe- 
tenzen im unmittelbaren Berufs- und Betriebskontext initiieren. Damit wird deutlich, 
dass der schulischen Einbettung des Themas Nachhaltigkeit sowie den Hintergrün- 
den der Auditierung in Bezug auf den integrativen Kompetenzerwerb eine anspruchs- 
volle Rolle beigemessen werden kann. Der berufsschulische Beitrag in diesem lern- 
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ortintegrativen Konzept kann dabei in der wissensakzentuierten Vorbereitung (insbe- 
sondere auf das im Qualitätsmanagement angesiedelte Thema der Auditierung und 
das Thema Nachhaltigkeit im betrieblichen Kontext) bzw. Nachbereitung (u.a. Relati- 
vierung, Einordnung) oder der reflexiven Begleitung der konkreten Umsetzung der 
betrieblichen Audits liegen. Der Beitrag der Betriebe besteht darin, betriebsspezifi- 
sche Auditanlässe im Themenfeld der Nachhaltigkeit zu identifizieren und aufzube- 
reiten und die Auszubildenden im weiteren Verlauf bei der Auditierung zu begleiten, 
um letztlich Nachhaltigkeit im betrieblichen Kontext erfahrbar und gestaltbar zu ma- 
chen. 

Im LEOKOP-Ansatz (Darmstädter Betriebe und Berufsschule) wird deutlich, wie 
beide Lernorte zielführend zusammenarbeiten und dass über regelmäßig stattfin- 
dende lernortübergreifende Projekte Strukturen wachsen können, welche eine kom- 
petenzwirksame Lernortkooperation auch über unterschiedliche Betriebe hinweg 
ermöglichen. Derartige Ansätze und Projekte bringen - wie sämtliche lernortkoopera- 
tive Vorhaben - vielfältige Potenziale mit sich, die sich inhaltlich und strukturell posi- 
tiv auf das betriebliche und berufsschulische Lehren und Lernen und letztlich auf die 
integrative und kontextualisierte Kompetenzentwicklung der Lernenden auswirken 
können. 

NAUZUBI hat auch gezeigt, dass berufsbildungsbezogene Auseinandersetzun- 
gen mit aktuellen Megatrends wie Nachhaltigkeit oder auch Digitalisierung in die 
Kontexte etablierter und implementierter Ansätze der Organisationsentwicklung füh- 
ren können. Dabei ging es weniger um die unmittelbare operative Handhabung und 
Umsetzung der Ansätze, sondern vielmehr darum, die konzeptionellen Bezugs- 
punkte und Hintergründe hinsichtlich ihrer lernbezogenen Potenziale in den Blick zu 
nehmen. Im Modellversuch deutete sich an, dass dieser Ansatz mehr als nur die 
„Operationalisierung“ komplexer Themen und deren Einbettung in betriebliche Kon- 
texte adressiert, was u.a. auch zu einer erhöhten Akzeptanz und Relevanz auf Seiten 
der Lernenden führen kann. Ob dies jedoch tatsächlich eine zukunftsrelevante Per- 
spektive für die Weiterentwicklung einer schlüssigen lernortkooperativen Zusam- 
menarbeit und damit einhergehend einer integrativen Kompetenzentwicklung in der 
beruflichen Bildung ist, müssen nachfolgende Ansätze mit oder ohne NAUZUBI- 
Charakter und insbesondere die konkreten Arbeiten in der Bildungspraxis unter Ein- 
bindung der Wissenschaft und der Bildungsadministration zeigen. 
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»What a Feeling“ — Emotionale Ansprache von 
Auszubildenden zur Förderung nachhaltigen 
Konsumverhaltens 


SUSANNE WEBER, MONA OFF, CHRISTINE KREUZER, SANDRA BLEY 


Zusammenfassung 


Im Bereich des nachhaltigen Konsums besteht eine Kluft zwischen der Bereitschaft, 
nachhaltig zu handeln, und dem tatsächlichen Handeln. Neben vielfältigen didakti- 
schen Ansätzen wie Simulationen, Projekten, Konfrontationsstrategien etc. wird in 
der Emotionalisierung von Konsument:innen eine Möglichkeit gesehen, diese Lücke 
zu schließen. Ein Medium der zielgruppenspezifischen Nachhaltigkeitskommunika- 
tion sind Sensibilisierungsvideos. Auszubildende als junge Konsument:innen, die 
Konsumentscheidungen langfristig beeinflussen können, verwenden Videos zur In- 
formationsgewinnung, zur Meinungsbildung, zur Partizipation und zum Lernen. 
Ziel dieser Studie ist es daher, die emotionale Wirkung von Sensibilisierungsvideos, 
d.h. deren emotionale Wirkung auf die Intention, nachhaltig zu konsumieren, sowie 
Überlegungen beim tatsächlichen Konsumverhalten und erste realisierte Maßnah- 
men zu untersuchen. Um nachhaltigkeitsbezogene Emotionen hervorzurufen, wur- 
den 45 Auszubildenden fünf Sensibilisierungsvideos mit dem thematischen Schwer- 
punkt des nachhaltigen Konsums gezeigt. Mithilfe eines Ein-Gruppen-Vergleichs mit 
Vor- und Nachtest wurde über vier Erhebungszeitpunkte hinweg beobachtet, ob und 
welche Emotionen sich im Zeitverlauf verändert haben, aber auch ob sich die Inten- 
tion zum nachhaltigen Konsumieren und das tatsächliche Konsumverhalten im Zeit- 
verlauf verändern. Die Daten wurden sowohl qualitativ als auch quantitativ ausgewer- 
tetund analysiert. Es hat sich gezeigt, dass die Sensibilisierungsvideos bei den Auszu- 
bildenden sowohl positive als auch negative Emotionen hervorrufen. Im Zeitverlauf 
nehmen die positiven Emotionen im Vergleich zu. Das Ausmaß, in dem die Auszubil- 
denden an nachhaltige Aspekte beim tatsächlichen Einkauf denken, verzeichnet ähn- 
lich wie die Intention einen Zuwachs. Zudem wird deutlich, dass sie die Handlungs- 
empfehlungen bei ihren Einkäufen berücksichtigen. 


Schlagworte: Emotionen, Nachhaltigkeit, nachhaltiges Konsumverhalten, Sensibili- 
sierungsvideos 


Abstract 


There is an intention-behavior-gap in sustainable consumption. One way to overcome 
this gap is seen in the emotionalization of consumers. Beside various instructional 
means awareness videos are one medium for target group-specific sustainability com- 
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munication. Trainees in retail as young consumers who can influence consumer deci- 
sions in the long-term use videos to gather information, to make up their meaning, to 
participate and to learn. The aim of this study is to examine the effects of the aware- 
ness videos in relation to emotionalization, intention and sustainable consumer be- 
havior. To evoke emotions, 45 trainees were shown five awareness videos with a focus 
on sustainable consumption. With a longitudinal one-group comparison by pre- and 
post-tests, it was checked whether the emotions, the intention and the consumer be- 
havior change over time. The data are analyzed both qualitatively and quantitatively. It 
can be shown that the awareness videos evoke both positive and negative emotions of 
the trainees. In comparison, the positive emotions increase over time. The extent to 
which the trainees thought about sustainable aspects of shopping is growing, like the 
intention. Furthermore, it becomes overt that the recommendations for consumption 
behavior are considered. 


Keywords: emotion, sustainability, sustainable consumption, awareness videos 


Einleitung 


Nachhaltigkeit, verstanden als intra- sowie intergenerationale Gerechtigkeit bei der 
Ressourcenverwendung, wird maßgeblich durch das Konsumverhalten der privaten 
Haushalte beeinflusst (Bundesministerium für Umwelt, Naturschutz, Bau und Reak- 
torsicherheit, 2019). Daher wird ein großes Potenzial bei der Erreichung der Agenda 
2030-Ziele (Sustainable Development Goals) in der Veränderung privater Konsument- 
scheidungen gesehen (Ziel 12; Bundesregierung, 2016; United Nations, 2015). Nach- 
haltiger Konsum zeichnet sich weniger durch einen Verzicht als vielmehr durch die 
Art der Bedürfnisbefriedigung der aktuellen Generation aus, ohne dabei ökonomi- 
sche, ökologische oder soziale Belastungsgrenzen auszureizen, um so auch der heuti- 
gen wie auch künftigen Generationen einen bedürfnisgerechten Konsum zu ermög- 
lichen (Bundesregierung, 2016). 

Bildung spielt bei der Zielerreichung eine entscheidende Rolle. Sie gibt Raum 
zur Reflexion des eigenen Konsumverhaltens und zeigt Alternativen auf. Dies ge- 
schieht vor allem durch die Vermittlung von Wissen über Herausforderungen der 
heutigen Welt sowie entsprechende Kompetenzen bei gleichzeitiger Berücksichti- 
gung der individuellen Einstellungen (inkl. emotionaler Befindlichkeiten) zur Nach- 
haltigkeit (Bundesministerium für Bildung und Forschung, 2017; United Nations, 
2015). 

Nachhaltigkeit wird sowohl auf internationaler als auch auf nationaler Ebene als 
zentrales Lehr- und Lernziel definiert. Die berufliche Bildung nimmt dabei eine zen- 
trale Rolle ein, da sie notwendige Kompetenzen für nachhaltiges Verhalten sowohl für 
die Arbeits- als auch die eigene Lebenswelt fördert (Mohorič, 2014). Die curriculare 
Verankerung des Themas der Nachhaltigkeit bleibt jedoch in den Ausbildungsord- 
nungen und Lehrplänen meist abstrakt. Das erschwert die Konkretisierung von nach- 
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haltiger Handlungs- bzw. Gestaltungskompetenz sowie die Entwicklung von Konzep- 
ten zur Instruktion und zum Assessment (Vollmer & Kuhlmeier, 2014). 

In der kaufmännischen Bildung wurden in den letzten Jahren verschiedene Kon- 
zepte zur Vermittlung nachhaltigkeitsbezogener Kompetenzen entwickelt. All diesen 
curricularen Konzepten ist gemein, dass sie nicht nur theoretisches Wissen und Fak- 
ten über Nachhaltigkeit vermitteln, sondern darüber hinaus auf die Förderung kon- 
kreten nachhaltigen Handelns fokussieren. So wird etwa aufgezeigt, wie nachhaltige 
Geschäftsmodelle (Kiepe etal., 2019) oder Innovationsprojekte (Berding etal., 2017) 
entwickelt werden können. Dabei finden im Rahmen der Instruktion unterschied- 
liche didaktische Methoden Verwendung. Diese reichen von computerbasierten Si- 
mulationen (Seeber etal., 2019) und Serious Games (Weber etal., 2021a; b) bis hin zu 
Projekten zur Förderung ganzheitlicher Handlungen (Berding et al., 2017; Kiepe etal., 
2019; Rebmann etal., 2014). In weiteren Ansätzen werden mittels systematischer 
Visualisierungen Widersprüchlichkeiten zur Nachhaltigkeit in Unternehmenskontex- 
ten zur Reflexion herangezogen, um Aspekte der Persönlichkeitsentwicklung zu ent- 
wickeln (Fischer et al., 2018). 

Im Bereich des Assessment liegt der Fokus auf der Messung von Fachkompetenz 
zum nachhaltigen Wirtschaften von Auszubildenden und Mitarbeiter:innen (bisher 
primär im Einzelhandel; Berding et al., 2018; Weber et al., 2021; b). Die Messung er- 
folgt dabei über offene und MC-Aufgaben in einem computerbasierten oder Serious 
Game Assessment Design. Im Vordergrund stehen die inhaltliche Anforderung, die 
Wissensrepräsentation (Seeber et al., 2019) sowie game-basiertes berufliches nachhal- 
tiges Handeln (Weber etal., 2021a; b). Ebenso finden sich in der Weiterbildung des 
Bildungspersonals computerbasierte Interventionsstudien und Assessments zum de- 
klarativen Wissen über Nachhaltigkeit bei kaufmännischen Lehrkräften (Greiwe, 
2020). Die Ergebnisse der verschiedenen Ansätze zeigen, dass sich nachhaltiges Han- 
deln durch unterschiedliche didaktische Lehr-Lern-Arrangements positiv beeinflus- 
sen lässt (Berding et al., 2018; Greiwe, 2020; Weber et al., 2021a; b). 

Allerdings verdeutlichen die bisherigen Studien, insbesondere zu den Mess- 
instrumenten, auch, dass die kognitive Dimension der nachhaltigen Handlungskom- 
petenz im Vordergrund steht (Weber et al., 2020). Wird die affektive Dimension adres- 
siert, so bezieht sich diese primär auf Einstellungen gegenüber dem Thema Nachhal- 
tigkeit, das Interesse oder die Motivation (Greiwe, 2020; Michaelis, 2017; Michaelis 
etal., 2020; Weber et al., 2021b). Emotionen werden dabei kaum betrachtet. Die beruf- 
liche Bildung für nachhaltige Entwicklung wird aber als ein transformativer Prozess 
verstanden, bei dem sowohl die private als auch die berufliche Partizipation wichtig 
sind. Um diese Veränderung initiieren und gestalten zu können, ist neben einer För- 
derung kognitiver Aspekte auch die von non-kognitiven Aspekten wie Kreativität und 
Emotionen notwendig (Fischer et al., 2020). 

Junge Erwachsene leben in einer digitalen Welt. Das Internet dient dabei nicht 
nur der Unterhaltung, sondern wird auch gezielt zur Suche nach Informationen, zur 
Meinungsbildung über das aktuelle Weltgeschehen sowie zur eigenen Partizipation 
genutzt. YouTube ist hierfür eine beliebte Videoplattform (Albert etal., 2019; mpfs, 
2018), bei der Sensibilisierungsvideos ein geeignetes Medium zu sein scheinen, um 
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junge Erwachsene über das Thema Nachhaltigkeit zu informieren. Entscheidend in 
der Nachhaltigkeitskommunikation ist neben der zielgruppenspezifischen Ansprache 
(Kleinhückelkotten & Wegner, 2010), dass alltagsnahe und anschauliche Beispiele 
(Brickwedde, 2002) verwendet sowie konkrete Handlungsempfehlungen gegeben 
werden (Elsner-Wolf, 2002). Emotionalisierung wird zudem als eine Möglichkeit an- 
gesehen, die „Kluft zwischen Denken und Handeln“ („Intention-Behavior-Gap“; 
Sheeran & Webb, 2016) zu verringern (Brickwedde, 2002), die darin besteht, dass z. B. 
junge Erwachsene Umweltschutz und Klimawandel zwar wichtig finden (Albert et al., 
2019), dabei allerdings oft nicht auf ihren eigenen (gewohnten) Konsum verzichten 
wollen (Gossen et al., 2015; Kreuzer et al., 2019). 

Die vorliegende Studie untersucht die Wirkung von Sensibilisierungsvideos zur 
Emotionalisierung von jungen Konsument:innen'. Hierzu wird auf fünf ausgewählte 
Sensibilisierungsvideos mit unterschiedlichen Themenschwerpunkten zu Problemen 
der Nachhaltigkeit wie auch zu ausgewählten Lebensbereichen von jungen Erwachse- 
nen zurückgegriffen. Im Fokus stehen Auszubildende, da pro Jahr in Deutschland 
knapp die Hälfte aller Jugendlichen in das System der dualen Ausbildung eintritt (Sta- 
tistisches Bundesamt [Destatis], 2018). Dabei fokussieren wir auf die Ausbildung im 
Einzelhandel, da diese seit vielen Jahren einer der beliebtesten Ausbildungsberufe für 
Männer und Frauen ist (Bundesministerium für Bildung und Forschung, 2019). In 
der Studie werden die Auszubildenden im Rahmen ihres Berufsschulunterrichts mit 
den Sensibilisierungsvideos konfrontiert. Zu vier aufeinanderfolgenden Erhebungs- 
zeitpunkten wurden sie dann zu auftretenden Emotionen in Folge der Sensibilisie- 
rungsvideos sowie nach ihrem intendierten Kaufverhalten und ihren Überlegungen 
beim Einkauf befragt. Die Erhebung erfolgte mittels eines Fragebogens zur Selbstein- 
schätzung, wobei die folgenden Forschungsfragen [FF] im Fokus standen: 


FF1: Welche Emotionen treten in Folge des Einsatzes von Sensibilisierungsvideos auf 
und wie verändern sie sich im Zeitverlauf? 


FF2: Welche Intentionsausprägung zum nachhaltigen Konsumverhalten lässt sich vor 
und nach der Emotionalisierung beobachten? 


FF3: Welche Überlegungen beim tatsächlichen Konsumverhalten lassen sich nach der 
Emotionalisierung beobachten? 


FF4: Inwieweit korrespondieren die beim tatsächlichen Konsumverhalten berichteten 
Maßnahmen mit den Handlungsempfehlungen in den Sensibilisierungsvideos? 


Im Folgenden werden die theoretischen Annahmen zu den Konzepten Nachhaltigkeit, 
nachhaltiger Konsum und Emotionen sowie das Design der Studie, insbesondere die 
eingesetzten Sensibilisierungsvideos sowie die Konstrukte des Fragebogens, darge- 
stellt. Nach der Präsentation der Analyseergebnisse erfolgt abschließend eine Diskus- 
sion der Resultate sowie das Aufzeigen von Limitationen und Forschungsdesideraten. 


1 Die Studie fand im Rahmen des vom Bundesinstitut für Berufsbildung geförderten Projektes „Berufliche Bildung für 
nachhaltige Entwicklung — InnoBBNE im Einzelhandel“ (FDZ 21BBNEI2) (Laufzeit von 2015 bis 2019) statt (https:// 
www.bibb.de/de/33716.php). 
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Theoretische Grundlagen 


Nachhaltigkeit und nachhaltiger Konsum 

Nachhaltigkeit und nachhaltige Entwicklung zielen auf eine intra- sowie intergenera- 
tionale Balance und Gerechtigkeit in der Ressourcenverwendung. Das Konzept der 
Nachhaltigkeit wird häufig gemäß des Triple Bottom Line-Ansatzes über drei Bereiche 
definiert: Ökonomie, Ökologie und Soziales (Balderjahn, 2013). Nachhaltiges Kon- 
sumverhalten zielt dabei auf die Balance dieser als gleichwertig angenommenen drei 
Zielbereiche (Grunwald & Kopfmüller, 2012). Ein Kennzeichen ist, dass „mehr mit 
weniger“ erreicht werden soll, dass bspw. Wohlfahrtszuwächse durch einen geringe- 
ren Ressourcenverbrauch erzielt werden (United Nations, 2015) 

Das nachhaltige Konsumverhalten junger Erwachsener findet bisher nur wenig 
Beachtung in der Forschungslandschaft (Fischer etal., 2017), obwohl die Kaufkraft 
dieser Alterskohorte in kurzer Zeit steigen wird (Moses, 2000). Auch wenn in dieser 
Gruppe weniger umweltbewusstes Verhalten im Vergleich zu älteren Konsumenten 
gezeigt wird, ist entscheidend, dass ihr Konsumverhalten insbesondere durch die 
Gründung eines eigenen Haushalts und die Loskoppelung vom elterlichen Umfeld 
als noch formbar angesehen wird. Die derzeit stärksten Konsumbranchen für junge 
Erwachsene sind Lebensmittel, Kleidung, Technologie und Mobilität (Kreuzer etal., 
2019). 


Emotionen und ihre Konzeptualisierung 

Emotionen sind Gefühlsregungen, die sich als Bestandteil unseres Denkens und 
Handels auf bestimmte persönlich bedeutsame Situationen zurückführen lassen, und 
drücken eine Bewertung im Sinne einer kognitiven Einschätzung dieser Situation aus 
(Hascher & Brandenberger, 2018). Dabei hängen die durch den situativen Stimulus 
hervorgerufenen Emotionen von dessen Interpretation ab. Somit sind Kognition und 
Emotion untrennbar miteinander verbunden (Kärner & Kögler, 2016; Sembill etal., 
2013). Das Erleben einer emotionalen Episode ist zudem immer von Positivität und 
Negativität geprägt (Kaufmann, 2009). 

In der Literatur finden sich vielfältige Definitionen zu Emotionen. Ein etabliertes 
Modell ist das zweidimensionale Modell von Watson und Tellegen (1985). In diesem 
werden die Konstrukte Positiver Affekt und Negativer Affekt im Sinne des Ausmaßes an 
positiven (bspw. enthusiastisch, aktiv, aufmerksam) und negativen (bspw. ängstlich, 
schuldig, nervös) Emotionen verstanden, die sich mithilfe jeweils getrennter Skalen 
erfassen lassen (Kaufmann, 2009; Watson et al., 1988). In unserer Studie gehen wir von 
diesem Konstrukt aus. 


Emotionen als möglicher Einflussfaktor zur Förderung nachhaltigen Konsums 

Der Einfluss von Emotionen auf kompetentes Verhalten von Individuen scheint un- 
umstritten (Rausch etal., 2010; Sembill etal., 2013). Sie sind einer der wichtigsten 
Antriebsfaktoren für menschliches Verhalten (Gläser-Zikuda et al., 2018). Dabei ist es 
vor allem die evaluative Komponente von Emotionen, die im Sinne der Handlungs- 
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regulation Entscheidungen und Intentionen beeinflusst (Kärner & Kögler, 2016; 
Rausch etal., 2010; Sembill, 2010). Empirische Studien belegen, dass Emotionen 
einen Einfluss auf nachhaltiges (Konsum-) Verhalten haben (u.a. Wang & Wu, 2016). 

Darüber hinaus zeigt sich, dass Emotionen durch zielgruppenspezifische Kom- 
munikation angesprochen werden und somit nachhaltige Konsumentscheidungen 
beeinflussbar sind (Reinermann & Lubjuhn, 2011). Als bester Prädiktor für realisiertes 
Verhalten kann die Intention gelten (Ajzen, 1991; Armitage & Conner, 2001), die eben- 
falls durch Emotionen beeinflusst wird (Fishbein & Ajzen, 2010). Dabei lässt sich die 
Intention zu nachhaltigem Verhalten durch die Attraktivität, Machbarkeit und soziale 
Erwünschtheit unter den Aspekten von Ökonomie, Ökologie und Sozialem beschrei- 
ben (Kuckartz & Rheingans-Heintze, 2006; Ziesemer et al., 2016). 


Methode 


Design: Um zu beobachten, ob und welche Emotionen in Folge des Einsatzes von Sen- 
sibilisierungsvideos angesprochen werden, ob und wie sich diese Emotionen im Zeit- 
verlauf ändern, aber auch ob und in welcher Weise sich die Intention zum nachhal- 
tigen Konsumverhalten sowie das realisierte Konsumverhalten verändern, wurde ein 
Ein-Gruppen-Vergleich mit Vor- und Nachtest im Längsschnitt (vier Erhebungszeit- 
punkte, Abb. 1) durchgeführt. 
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Abbildung 1: Grafische Darstellung des Designs 


Die Durchführung fand freiwillig im Berufsschulunterricht bei N=75 Auszubilden- 
den im Einzelhandel statt. Es wurden fünf Sensibilisierungsvideos eingesetzt. Neben 
der hohen Attraktivität von videobasierten Inhalten für junge Menschen (Albert et al., 
2019) ist auf empirische Belege zu verweisen, dass Videos dazu geeignet sind, Emotio- 
nen zu aktivieren (Brickwedde, 2002; Pyhel & Bittner, 2014; Reinermann & Lubjuhn, 
2011). Zusätzlich ist digitales Lernen bei Jugendlichen mit einer hohen Erwünschtheit 
und mit vielen Vorteilen und positiven Motivationszuwächsen assoziiert (Internatio- 
nales Zentralinstitut für das Jugend- und Bildungsfernsehen, 2018). Bei der Auswahl 
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der Videos wurden mediendidaktische Anforderungen berücksichtigt (anschauliche 
und für den Adressatenkreis alltagsnahe Inhalte, Brickwedde, 2002; konkrete Hand- 
lungsempfehlungen, Elsner-Wolf, 2002). 

Alle Videos sind bei YouTube als wichtigstem Informationskanal für Jugendliche 
abrufbar (Internationales Zentralinstitut für das Jugend- und Bildungsfernsehen, 
2018). Gleichzeitig ist der Konsum von Videos über solche Onlineportale eine der 
Hauptaktivitäten, mit denen sich Jugendliche täglich oder mehrfach die Woche be- 
schäftigen (ebd.). Damit kann dieser Kommunikationsweg als zielgruppengerecht 
gelten (Kleinhückelkotten & Wegner, 2010). 

Darüber hinaus nutzen junge Erwachsene Onlinevideos als Lernmedium (Inter- 
nationales Zentralinstitut für das Jugend- und Bildungsfernsehen, 2018; Rummler & 
Wolf, 2012). Die eingesetzten Sensibilisierungsvideos gelten als Erklärvideos, d.h. sie 
verwenden multimediale Inhalte zur Veranschaulichung des Lerngegenstands und 
zur Ansprache der Rezipient:innen; sie pflegen einen eher informellen und einfachen 
Kommunikationsstil, was zur Niederschwelligkeit des Lerninhalts beiträgt; zugleich 
weisen sie eine hohe Anschaulichkeit auf und bieten eine inhaltliche sowie gestalteri- 
sche Vielfalt (Wolf, 2015). Das wird insbesondere durch den Einsatz von Comicvideos 
verstärkt. Im Folgenden werden die fünf ausgewählten Sensibilisierungsvideos darge- 
stellt (Tab. 1). 


Tabelle 1: Verwendete Sensibilisierungsvideos (letzte Prüfung der Funktionalität der Links am 15.03.2021) 


Name/Dauer/Hrsg./Link Inhalt Handlungsempfehlung 

„Beyond climate change“ (3:12 min) Ressourcenverbrauch entlang Waschen mit geringeren Tem- 
Umweltbundesamt der Wertschöpfungskette, peraturen, Teilen von Dingen, 
https: //www.youtube.com/watch? Probleme des zu großen Reparieren von kaputten Dingen, 
v=UPyR418_Nvs Konsums Einsatz regenerativer Energien 
„Kampf gegen Plastiktüten“ Problematischer Gebrauch Verwendung von Körben, 

(1:46 min) von Plastiktüten Recycling-Tragetaschen, Baum- 
ZDF plus heute wolltaschen 


https: //www.youtube.com/watch? 
v=ZX-h9XbpFRQ 


„Fast Fashion“ (2:26 min) Konsum von günstig bepreis- Verzicht auf Fast Fashion 

BR puls ter Kleidung im Sinne von Fast 

https: //www.youtube.com/watch? Fashion, Probleme für Um- 

v=9-0943Z_UNA welt und Arbeiter 

„Warum Coffee to Go Becher Ressourcenverschwendung Kaufeines Mehrwegbechers 
schlecht für unsere Umwelt sind“ und Entstehung von Müll 

(1:30 min) durch die Verwendung von 

BR puls Pappbechern für Coffee-to-go 


http: //www.br.de/mediathek/video/ 
coffee-to-go-schlecht-fuer-die-um 
welt- 100.html#similarMore 


Count = 2 
„Virtuelles Wasser“ (4:44 min) Virtuelles Wasser, beispiel- Geringerer und bewussterer 
Lernnetz AG hafte Produktion eines Wasserverbrauch 


https://www.youtube.com/watch? T-Shirts zur Verdeutlichung 
v = iAhOwMhDtvY des immensen Verbrauchs 
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Konstrukte: Die relevanten Konstrukte wurden mittels eines standardisierten Frage- 
bogens (geschlossene und offene Fragen) zur Selbsteinschätzung erfasst. Dabei um- 
fasst der Fragebogen unterschiedliche Blöcke. Emotionen wurden auf der PANAS- 
Skala (PA = Positive Affect, NA = Negative Affect; Watson et al., 1988) in der deutschen 
Version (Krohne etal., 1996) erfasst. Die Skala besteht aus zehn positiven (bspw. „be- 
geistert“) sowie zehn negativen (bspw. „ängstlich“) Emotionsmarkern und wird als 
Standardinstrument zur Erfassung der positiven und negativen Aktivierung angese- 
hen (Kaufmann, 2009). Anstatt einer retrospektiven Erfassung und entsprechend den 
Empfehlungen zur punktuellen Erfassung wird mithilfe der Formulierung „Bezogen 
auf das Video, das Sie gerade gesehen haben: Wie fühlen Sie sich?“ nach der in diesem 
Moment empfundenen Emotion gefragt (Kärner & Kögler, 2016; Mauss & Robinson, 
2009). Die Auszubildenden konnten bis zu zwei Emotionen pro Video anzeigen. Um 
eine semantisch eindeutige Bestimmung der Emotionen zu ermöglichen, wurden die 
Marker mit entsprechenden Emoticons zusätzlich symbolisiert. Bei den Folgeerhe- 
bungen bezog sich die Fragestellung auf die im Moment der Erhebung empfundenen 
Emotionen bzgl. der gesamten Videos („Bezogen auf die Videos, die Sie letzte Woche 
gesehen haben: Wie fühlen Sie sich?“) (FF1). 

Als Prädiktor für realisiertes Verhalten wurde in tı und t2 die Intention erhoben 
(Ajzen, 1991) (FF2). Für den Bereich des nachhaltigen Handelns wird die Intention 
gemäß den drei Dimensionen Ökonomie, Ökologie und Soziales unterteilt (Kuckartz 
& Rheingans-Heintze, 2006; Ziesemer etal., 2016) und mittels zwölf Items der Con- 
sciousness for Sustainable Consumption Scale (CSC-Skala, bspw. „Ich beabsichtige, 
bei meinen nächsten Einkäufen stets klimafreundlich hergestellte Produkte zu kau- 
fen.“) (Ziesemer et al., 2016) erhoben. Zur Anwendung kam eine 5-stufige Likertskala 
(1= „keinesfalls“ bis 5 = „ganz sicher“) (Cronbachs Alpha t = .861, t2 = .900) (FF2). 

Überlegungen zur Nachhaltigkeit beim Kaufverhalten wurden in den Folgeerhebun- 
gen (t3, t4) durch zwei Variablen erfasst. Zum einen wurde mittels eines 5-stufigen 
Likert-skalierten Items (1= „nie“, 5= „immer“) nach dem Ausmaß gefragt, in dem die 
Auszubildenden bei Kaufentscheidungen auf Aspekte der Nachhaltigkeit geachtet 
haben (FF3). Darüber hinaus konnten die Auszubildenden in einer offenen Aufgabe 
Angaben zu konkreten Beispielen machen, die mit den Handlungsempfehlungen in 
den fünf Sensibilisierungsvideos in Beziehung gesetzt wurden (FF4). 

Sample: Befragt wurden zum ersten (tı) und zweiten (t2) Erhebungszeitpunkt 
N =75 Auszubildende im Einzelhandel am Ende ihrer Ausbildung aus fünf Klassen 
(ad-hoc-Stichprobe). Zum dritten (t3) bzw. vierten (t4) Erhebungszeitpunkt nahmen 
N =65 bzw. N=51 Auszubildende teil. Für N=45 Auszubildende liegen Daten zu al- 
len vier Erhebungszeiträumen vor, auf die sich die weiteren Analysen beziehen. Syste- 
matische Dropouts sind nicht gegeben (z.B. bzgl. Emotionen, Intention, Alter, Ge- 
schlecht, Vorbildung). Die Auszubildenden sind im Mittel 22.34 Jahre alt (SD = 3.988; 
n = 44; missing = 1), wobei 51.1% weiblich (n = 44; missing = 1) sind. 46.7% der Auszu- 
bildenden haben Abitur, 26.7% einen Mittleren Abschluss und 24.4% einen Haupt- 
schulabschluss (n = 44; missing =1). Verglichen mit bundesweiten Statistiken sind im 
Sample somit mehr Abiturient:innen vertreten. Hinsichtlich aller anderen deskripti- 


Susanne Weber, Mona Off, Christine Kreuzer, Sandra Bley 269 


ven Merkmale zeigt sich eine hohe Ubereinstimmung unserer Stichprobe mit den 
Ausbildungskohorten im Einzelhandel (Bundesinstitut ftir Berufsbildung, 2020). 
Analysen: Die vorliegenden Daten wurden sowohl qualitativ als auch quantitativ 
analysiert. Bezogen auf die FF1 wurden die durch die Sensibilisierungsvideos ange- 
regten Emotionen sowohl im Hinblick auf die einzelnen Videos als auch insgesamt 
über die verschiedenen Erhebungszeitpunkte im Zeitverlauf hinweg deskriptiv ausge- 
wertet. Die Intention zu nachhaltigem Konsumverhalten, als Prädiktor für realisiertes 
nachhaltiges Verhalten, wurde gemäß der drei Dimensionen der Nachhaltigkeit (Oko- 
logie, Ökonomie, Soziales) mit seinen Ausprägungen deskriptiv im Zeitverlauf analy- 
siert (FF2). Die Überlegungen beim tatsächlichen Kaufverhalten wurden ebenfalls 
deskriptiv im Zeitablauf beschrieben (FF3). Zudem wurden die in einem offenen 
Frageformat erhobenen Beispiele für Überlegungen zur Nachhaltigkeit beim Kauf in 
einer qualitativen Inhaltsanalyse deduktiv analysiert (Mayring, 2015) und den Hand- 
lungsempfehlungen in den fünf Videoclips gegenübergestellt (FF4). 


Ergebnisse 


Als Reaktion auf die einzelnen Sensibilisierungsvideos lässt sich eine Vielfalt von 
Emotionen mit ihren Veränderungen im Zeitablauf beobachten. Tabelle 2 zeigt, dass 
zum Erhebungszeitpunkt (t2) bzgl. der Videos aggregiert über alle Videos mehr posi- 
tive Emotionen als negative ausgedrückt werden (55.7% vs. 44.3%). Am häufigsten 
werden dabei „interessiert“ (37.3%), „aufmerksam“ (17.9%) und „entschlossen“ 
(11.2%) genannt. Am wenigsten relevant erscheinen „freudig erregt“ (0.5 %) und 
„stark“ (2.0 %). Hinsichtlich negativer Emotionen werden vor allem „erschrocken“ 
(28.8%), „bekümmert“ (19.9%) sowie „schuldig“ (14.1%) empfunden. „Nervös“ (2.6 %) 
und „ängstlich“ (2.6 %) werden am wenigsten häufig genannt. Sechs Auszubildende 
zeigen ausschließlich positive, zwei Auszubildende ausschließlich negative Emotio- 
nen. 


Tabelle 2: Verteilung der positiven und negativen Emotionen in Reaktion auf die einzelnen Sensibilisierungs- 
videos im Zeitverlauf (N =45) 


Beyond Plastik- Virtuelles Fast Coffee Gesamt Gesamt Gesamt 

climate tüten Wasser Fashion to go t2 t3 t4 

change (t2) (t2) (t2) (t2) 

(#2) 

Positive 45 40 37 41 33 196 41 47 
Emotionen (59.2%) (54.8%) (53.6%) (62.1%) (48.5%) (55.7%) (57.7%) (67.1%) 
Negative 31 33 32 25 35 156 30 23 
Emotionen (40.8%) (45.2%) (46.4%) (37.9%) (51.5%) (44.3%) (42.3%) (32.9%) 
SUMME 76 73 69 66 68 352 71 70 


(100%) (100%) (100% (100%) (100%) (100% (100%) (100%) 
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Beyond Plastik- Virtuelles Fast Coffee Gesamt Gesamt Gesamt 

climate tüten Wasser Fashion to go t2 t3 t4 

change (t2) (t2) (t2) (t2) 

12) 

Positive 
Emotionen (n=45) (n=40) (n=37) (n=41) (n= 33) (n= 196) (n=41) (n= 47) 
(in %) 
angeregt 8.9 10.0 5.4 7.3 9.1 8.2 14.7 10.6 
wach 8.9 7.5 8.1 2.4 6.1 6.6 7.3 14.9 
freudig erregt 0 0 0 2.4 0 5 0 4.3 
begeistert 2.2 10.0 8.1 12.2 6.1 1.7 2.4 0 
entschlossen 8.9 12.5 10.8 14.6 9.1 11.2 7.3 17.0 
aktiv 2.2 12.5 5.4 0 3.0 4.6 12.2 10.6 
interessiert 48.9 325 35.1 36.6 33.3 37.8 31.7 34.1 
aufmerksam 17.8 10.0 21.6 19.5 212 1729 24.4 8.5 
stolz 0 5.0 2.7 2.4 9.1 3.6 0 0 
stark 2.2 0 2.7 2.4 3.0 2.0 0 0 
SUMME 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Negative 
Emotionen (n= 31) (n= 33) (n = 32) (n= 25) (n= 35) (n= 156) (n = 30) (n= 23) 
(in %) 
ängstlich 9.7 0 3.1 0 0 2.6 3.3 4.3 
verärgert 6.5 9.1 0 8.0 5.7 5.8 6.7 13.0 
erschrocken 129 36.4 18.8 52.0 28.6 28.8 33.3 34.8 
bekümmert 22.6 152; 31.3 12.0 al 19.9 23.3 17.4 
nervös 3.2 0 3.1 4.0 2.9 2.6 0 0 
schuldig 129) 152; 12.5 12.0 al 14.1 13.3 8.8 
feindselig 3.2 3.0 9.4 4.0 11.4 6.4 3.4 4.3 
gereizt 6.5 6.1 12.5 0 5.7 6.4 10.0 8.8 
beschämt 9.7 12.1 6.3 4.0 8.6 8.3 0 4.3 
durcheinander 128 3.0 3.1 4.0 2.9 5.1 6.7 4.3 
SUMME 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


Für eine nach den Videos differenzierte Betrachtung (Tab. 2) zeigt sich, dass bis auf 
das Video „Coffee to go“ die positiven Emotionen überwiegen; dabei werden vor allem 
durchgängig „interessiert“ und „aufmerksam“ betont. Bezogen auf das Thema „Plas- 
tiktüten“ werden insbesondere „entschlossen“ und „aktiv“ hervorgehoben. Im Hin- 
blick auf die negativen Emotionen werden durchgängig vor allem die Emotionen „er- 
schrocken“, „bekümmert“ und „schuldig“ genannt - mit Ausnahme des Themas 
„Virtuelles Wasser“, in dem es um die Produktion von Textilien geht. Die Analyse der 
gezeigten Emotionen im Zeitverlauf (FF1) erfolgt als Gesamtbetrachtung (tz, t3, t4), da 
die Emotionen zu den Folgeerhebungen nur noch aggregiert abgefragt wurden. Es 
zeigt sich eine klare Tendenz im Zeitverlauf im Hinblick auf die Zunahme positiver 
Emotionen sowie eine Abnahme negativer Emotionen (Abb. 2). 
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Abbildung 2: Emotionen im Zeitverlauf (N = 45) 


Eine detailliertere Betrachtung mit Blick auf die durch die Sensibilisierungsvideos an- 
geregten Emotionen im Zeitverlauf zeigt (vgl. Tab. 2), dass „interessiert“ über alle drei 
Zeitpunkte hinweg die am häufigsten genannte positive Emotion ist (t2 = 378%, 
t3 = 31.7%, t4= 34.1%). Zusätzlich werden „aufmerksam“ zum zweiten und dritten 
Erhebungszeitpunkt (t2 = 179 %, t3 = 24.4%) sowie „entschlossen“ (170%) zum letzten 
Erhebungszeitpunkt (t4) am zweithäufigsten genannt. 

Für die negativen Emotionen (Tab. 2) stellt „erschrocken“ über alle Erhebungs- 
zeitpunkte hinweg die dominante Emotion dar (t2=28.8%, t3=33.3%, t4= 34.8%). 
Den zweiten Rang nimmt zu allen Erhebungszeitpunkten „bekümmert“ ein 
(t2 = 19.9 %, tz = 23.3 %, t4= 174%). 

Im Rahmen der zweiten Forschungsfrage (FF2) geht es um die Auspragung der 
Intention zum nachhaltigen Konsumverhalten im Zeitverlauf (t1 zu t2) (Abb. 3). 
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Abbildung 3: Intraindividuelle Veranderung der Intention zum nachhaltigen Konsum vor und nach dem Ein- 
satz der Sensibilisierungsvideos (N = 45) 
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Die Gerade hilft, die Verteilung der Intentionen zu veranschaulichen: Alle Punkte 
oberhalb der Geraden zeigen einen Anstieg der Intention der Auszubildenden im 
Zeitverlauf. Die Punkte unterhalb der Geraden stellen eine Verringerung der Inten- 
tion zum zweiten Erhebungszeitpunkt (t2) dar. Die Intention zum nachhaltigen Kon- 
sum ist bei den meisten Auszubildenden nach den Sensibilisierungsvideos höher als 
zuvor. Der Anstieg des Mittelwertes ist dabei nach Berechnung des t-Tests signifikant 
(AMW = .30; SD = .418; p =.000; d = 71). 

Eine Unterteilung der Intention nach den drei Dimensionen der Nachhaltigkeit 
hilft, das vorher gezeigte Ergebnis weiter zu differenzieren (Abb. 4). 
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Abbildung 4: Intraindividuelle Veränderung der ökologischen, sozialen und ökologischen Intention vor und 
nach dem Einsatz der Sensibilisierungsvideos (N =45) 


Die Intention der Auszubildenden zu einem nachhaltigen Kauf steigt in allen drei 
Dimensionen signifikant (t-Test; AMWökologie=.28; SD=.507; p=.001; d=.55; 
AMW soziales = .31; SD = .637; p = .002; d= .49; AMW ökonomie = .30; SD =.561; p = .001; 
d=.53;). 

Mit den Forschungsfragen FF3 und FF4 fokussieren wir auf Überlegungen beim 
tatsächlichen Kaufverhalten der Auszubildenden im Anschluss an den Einsatz der 
Sensibilisierungsvideos im Rahmen der Folgeerhebungen (ts, t4). In Abbildung 5 wird 
dargestellt, wie oft die Auszubildenden im Nachgang zu den Sensibilisierungsvideos 
auf nachhaltige Aspekte beim Einkauf im realen Leben (Bezug auf die letzte Woche) 
geachtet haben. 

In einem ersten Zugriff zeigt sich eine Verschiebung zugunsten eines nachhalti- 
geren Konsumverhaltens. Die Anzahl der Auszubildenden, die „nie“, „selten“ oder 
nur „manchmal“ an Aspekte der Nachhaltigkeit beim Einkauf denken, nimmt ab (ts: 
778% vs. t4: 64.4%), die der Auszubildenden mit der Orientierung „oft“ oder „immer“ 
dagegen zu (t3: 22.2 % vs. t4: 35.6%). 

Dieser positive Trend ist auch bei einer intraindividuellen Betrachtung erkennbar 
(Abb. 6). Er zeigt sich auch bei den meisten Auszubildenden im Hinblick auf ihre 
Überlegungen zur Nachhaltigkeit beim tatsächlichen Kaufverhalten in t3 (MW = 2.62; 
SD=1.160) auf t4 (MW =2.84; SD=1.264). Der größte Anstieg umfasst dabei zwei 
Punkte auf der Likert-Skala. Die Erhöhung der Mittelwerte um .22 (SD = .704) ist ins- 
gesamt, wie der t-Iest zeigt, signifikant (p = .040; d = .32). 
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Abbildung 5: Ergebnisse der Folgeerhebungen zum Item „Wie häufig haben Sie beim Einkauf von Produkten 
auf Aspekte der Nachhaltigkeit geachtet?“ im Verlauf (N = 45) 
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Abbildung 6: Intraindividuelle Veränderung der Überlegungen beim tatsächlichen Kaufverhalten eine (t3) 
bzw. zwei Wochen (t4) nach Einsatz der Sensibilisierungsvideos 


Gefragt nach konkreten Beispielen für nachhaltige Konsumentscheidungen (FF4) 
nennen die Auszubildenden Maßnahmen wie bspw. „weniger Plastiktüten benutzt“ 
(Auszubildender #1715), „kein Coffee to go gekauft“ (Auszubildender #1123) oder auch 
„hab’ Milch, Eier und Gemüse im Bioladen gekauft“ (Auszubildender #1416). Insge- 
samt liegen für die N = 45 Auszubildenden Informationen zu N =100 nachhaltigen 
Kaufentscheidungen über die beiden Zeitpunkte der Folgeerhebungen (ns = 50, 
n= 50) vor. Dies entspricht 0 bis 4 konkret beschriebenen nachhaltigen Kaufent- 
scheidungen pro Person zu beiden Folgeerhebungszeitpunkten (MW(SD): insge- 
samt = 1,16 (1,10); t3 = 1,16 (1,04), t4= 1,16 (1,17)). 
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Mittels eines inhaltsanalytischen Vorgehens (Mayring, 2015) wurden die genann- 
ten Maßnahmen in den realisierten nachhaltigen Kaufentscheidungen deduktiv hin- 
sichtlich der Handlungsempfehlungen, die in den Sensibilisierungsvideos gegeben 
wurden, weiter klassifiziert. 
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Abbildung 7: Überlegungen zur Nachhaltigkeit beim Kaufverhalten in Bezug auf die in den Sensibilisierungs- 


videos vorgeschlagenen Handlungsempfehlungen (vgl. Tab.1) sowie der zusätzlichen Kategorie „Sonstiges“. 
Alle genannten Kaufentscheidungen in t3 und t4 entsprechen dabei je 100% (N =45) 


Abbildung 7 zeigt, dass vor allem Maßnahmen genannt werden, die das Thema der 
Plastiktüten ansprechen (nz =44%, n4=38%). Dagegen kann keine Kaufentschei- 
dung dem Bereich Fast Fashion zugeordnet werden. Zusätzlich zu den Kategorien der 
Videos ist die Kategorie „Sonstiges“ dominant (ng=42%, n4=46%). Hier werden 
z.B. Aspekte wie das Mindesthaltbarkeitsdatum (bspw. Auszubildender #5704), die 
Reduktion von Verpackungsmüll (bspw. Auszubildender #4312) oder die Regionalität 
von Produkten (bspw. Auszubildender #2121) angesprochen, d.h. Handlungsempfeh- 
lungen, die nicht explizit in den Videos gegeben wurden, aber durchaus als nachhaltig 
kategorisiert werden können. 


Zusammenfassung, Diskussion, Limitation, künftige 
Entwicklungen 


Nachhaltige Konsumentscheidungen sowohl im privaten als auch beruflichen Bereich 
tragen entscheidend zur Erreichung der Ziele einer nachhaltigen Entwicklung bei. 
Allerdings lässt sich ein sog. „Intention-Behavior-Gap“ beobachten. Eine Möglichkeit, 
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diese Lücke zu schließen, wird in der Emotionalisierung von zielgruppenspezifischen 
Bildungsinhalten gesehen. Fiir die Gruppe junger Konsument:innen bieten sich Sen- 
sibilisierungsvideos über YouTube an, da derartige digitale Formate in dieser Alters- 
kohorte frequentiert und auch zum Lernen herangezogen werden. 

In dieser Studie wurden Auszubildende am Ende ihrer Ausbildung zum Kauf- 
mann/zur Kauffrau im Einzelhandel in einem längsschnittlichen ad-hoc Ein-Grup- 
pen-Vergleich untersucht. Dabei wurden fünf Sensibilisierungsvideos mit unter- 
schiedlichen thematischen Schwerpunkten aus dem Bereich der nachhaltigen Ent- 
wicklung eingesetzt. Die Emotionen wurden hierbei mittels der PANAS-Skala (Krohne 
etal., 1996; Watson etal., 1988) erfasst und sowohl zum Zeitpunkt des Einsatzes der 
Sensibilisierungsvideos als auch im Zeitverlauf untersucht (FF1). Darüber hinaus 
wurde die Intention nachhaltigen Handelns als Prädiktor für tatsächliches Verhalten 
(Ajzen, 1991; Kuckartz & Rheingans-Heintze, 2006; Ziesemer etal., 2016) sowohl zum 
ursprünglichen Erhebungszeitpunkt vor und nach dem Einsatz der Sensibilisierungs- 
videos (FF2) als auch nach dem realisierten Kaufverhalten zum Zeitpunkt der Folgeer- 
hebungen erhoben (FF3). Darüber hinaus wurde erfasst, wie das realisierte Kaufver- 
halten mit den Handlungsempfehlungen in den Sensibilisierungsvideos korrespon- 
diert (FF4). 

Die Ergebnisse zeigen, dass Sensibilisierungsvideos in der Lage waren, sowohl 
positive als auch negative Emotionen zu provozieren (FF1). Sie haben vor allem im 
positiven Bereich die Aufmerksamkeit und das Interesse der Auszubildenden im Hin- 
blick auf die Nachhaltigkeitsthematik geweckt und damit ihren zentralen Zweck er- 
reicht, indem sie die Auszubildenden aufgerüttelt und sogar durcheinandergebracht 
haben (insbesondere als Folge des ersten übergreifenden Videos „Beyond climate 
change“). Die provozierten negativen Emotionen weisen darauf hin, dass die Auszu- 
bildenden sich nicht in vollem Umfang über die Konsequenzen ihres eigenen Kauf- 
verhaltens bewusst sind. Als Evidenz hierfür kann stehen, dass sie bzgl. der Inhalte 
der Videos durchgängig die Emotion „erschrocken“ zeigen. Zugleich wird aber auch 
deutlich, dass die Auszubildenden im Hinblick auf ein Fehlen nachhaltigen Verhal- 
tens durchgängig in Sorge sind, indem sie sich „bekümmert“ zeigen. Interessant ist 
auch, wie in den geäußerten Emotionen der Auszubildenden eine Chance gesehen 
wird, Nachhaltigkeitsprozesse unmittelbar durch eigene Kaufentscheidungen zu be- 
einflussen. Im Hinblick auf den Einsatz von Plastiktüten sehen sich die Auszubilden- 
den entschlossen und aktiv, bezogen auf die Textilproduktion (‚Virtuelles Wasser‘) 
sehen sie dies weniger. In diesem Kontext lässt sich auch das unterschiedliche An- 
sprechen von „schuldig“ interpretieren. 

Im Zeitverlauf zeigt sich, dass sich positive und negative Emotionen zu Beginn 
der Erhebungen annähernd die Waage halten, sich dann aber auseinanderentwickeln, 
wobei die positiven Emotionen ansteigen und die negativen Emotionen absinken. 
Insgesamt ist festzuhalten, dass die Sensibilisierungsvideos geeignet erscheinen, 
Emotionen auszulösen. Hinsichtlich der Intention zum nachhaltigen Kauf (FF2) wird 
deutlich, dass die Sensibilisierungsvideos die Intention der Auszubildenden signifi- 
kant erhöhen (Tab. 2). Dieses ist für alle drei Dimensionen der Nachhaltigkeit (Ökolo- 
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gie, Ökonomie, Soziales) wie auch insgesamt über alle drei Dimensionen hinweg ge- 
geben. 

Auch hinsichtlich der Überlegungen beim tatsächlichen nachhaltigen Kaufverhalten 
im Alltag (FF3) zeigt sich ein signifikanter positiver Trend im Zeitverlauf. Die Auszu- 
bildenden vernachlässigen im Zeitverlauf der Erhebung weniger (nie, selten manch- 
mal) Aspekte der Nachhaltigkeit, sondern achten vielmehr (oft, immer) auf diese As- 
pekte in vielfältiger Weise. 

Die berichteten umgesetzten nachhaltigen Kaufmaßnahmen (FF4) korrespondieren 
zum einen mit den Handlungsempfehlungen in den Sensibilisierungsvideos (z. B. 
„Mehrwegbecher beim Kaffeetrinken“, „Verzicht auf Plastiktüten“). Zum anderen 
werden aber auch darüber hinaus weitere Maßnahmen, wie z.B. „Reduzierung des 
Verpackungsmaterials“, „Berücksichtigung von Fair-Trade-Siegeln“, „Mindesthaltbar- 
keitsdatum“, genannt. 

Übergreifend können wir zeigen, dass sich mittels der Sensibilisierungsvideos 
kritische Emotionen wie Aufmerksamkeit und Interesse sowie eine Betroffenheit pro- 
vozieren und über einen Zeitraum hinweg entwickeln lassen, die zu einem nachhal- 
tigen Konsumverhalten führen können (FF1). Ebenso vermögen die gezeigten Videos, 
Intentionen für alle drei Nachhaltigkeitsdimensionen (Ökonomie, Ökologie, Soziales) 
zu fördern (FF2) sowie ein bewusstes und im Sinne der Nachhaltigkeit reflektiertes 
Nachdenken beim Kaufverhalten anzuregen (FF3), für das vielfältige Handlungsstra- 
tegien durchdacht werden (FF4). Somit können wir davon ausgehen, dass die Sensibi- 
lisierungsvideos ein stärkeres nachhaltiges Denken und eine stärkere Intention ange- 
regt und damit die Kluft zwischen dem Denken und Handeln im Sinne des Intention- 
Behavior-Gap reduziert haben. 

In zukünftigen Studien sollte auch das Ergebnis der Kaufentscheidung mitein- 
bezogen werden, um den Intention-Behavior-Gap umfassend zu analysieren. Zudem 
wäre es hilfreich, Gruppenunterschiede (Alter, Geschlecht, Affinität zur Nachhaltig- 
keit, zur Verfügung stehendes Budget etc.) zu berücksichtigen, um vertiefte und diffe- 
renzierende Einblicke in das Konsumverhalten zu erhalten und entsprechende Inter- 
ventionsmaßnahmen zu entwickeln. Aufgrund der vorliegenden deskriptiven Resul- 
tate können derzeit noch keine wirkungsbezogenen Schlussfolgerungen und Genera- 
lisierungen vorgenommen werden. In Folgestudien wären auch stärkere Designs (mit 
Experimental- und Kontrollgruppen) zu wählen. Unsere Daten beruhen auf Selbstein- 
schätzungen (Mauss & Robinson, 2009); eine größere Validität ließe sich mit ergän- 
zenden objektiven Daten zum Kaufverhalten einschließlich Informationen über mög- 
liche Hindernisse (Kreuzer et al., 2019) erzielen. 

Dennoch können wir mit unserer Studie zeigen, dass zielgruppenspezifische 
Sensibilisierungsvideos als Interventionsmethode geeignet zu sein scheinen, rele- 
vante Emotionen als Voraussetzung nachhaltigen Handelns zu stimulieren - ein ers- 
ter Schritt, die Aufmerksamkeit und das Interesse junger Menschen bezogen auf 
Nachhaltigkeitsfragen zu wecken. Denn ihre Handlungen im Privaten wie auch Be- 
ruflichen bieten die Chance, den transformativen Prozess der nachhaltigen Entwick- 
lung proaktiv mitzugestalten (Casper et al., 2018; Fischer et al., 2020; Mohorič, 2014). 
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Kaufmännische Grundkompetenzen und 
Grundvorstellungen zum nachhaltigen 
Wirtschaften 


TOBIAS SCHLÖMER 


Zusammenfassung 


Im Beitrag werden die Konstrukte der kaufmännischen Grundkompetenz und 
Grundvorstellungen im Hinblick auf ihre Auslegung für die Domäne des nachhal- 
tigen Wirtschaftens besprochen. Zentrale Annahme ist, dass beide Konstrukte eine 
signifikante Regulationsfunktion im Verstehen, Wissenserwerb und in der Kompe- 
tenzentwicklung entfalten könnten. Daher werden Ansatzpunkte für eine Studie zur 
Modellierung und Diagnose dieser beiden Basisdimensionen von kaufmännischer 
Kompetenz für nachhaltiges Wirtschaften vorgestellt. Insbesondere werden für die 
beiden Konstrukte fachliche Referenzen in der nachhaltigen Ökonomie und Betriebs- 
wirtschaftslehre skizziert. 


Schlagworte: Grundvorstellungen, Grundkompetenzen, kaufmännische Handlungs- 
fähigkeit, nachhaltiges Wirtschaften, Kompetenzmodellierung und -diagnostik 


Abstract 


The article discusses the constructs of basic commercial competence and basic ideas 
with regard to their interpretation for the domain of sustainable business. Central as- 
sumption is that both constructs may generate a significant regulating function in 
terms of cognition, knowledge acquisition and competence development. Therefore, 
starting points for a study to model and diagnose these two basic dimensions of com- 
petence in the field of sustainable business and commerce will be presented. In partic- 
ular, professional references in sustainable economics and business administration 
will be outlined. 


Keywords: basic beliefs and conceptions, basic competences, competence in the field 
of sustainable business and commerce, modelling and diagnostics of competence 


1 Einleitung 


In der empirischen Lehr-Lernforschung der Wirtschaftspädagogik und der (inter- 
nationalen) ökonomischen Bildung hat die Erforschung der kaufmännischen und 
ökonomischen Grundkompetenzen eine lange Tradition, es wird über die beiden Kon- 
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strukte der Economic Literacy und Economic Numeracy differenziert. Beide Konstrukte 
lassen sich mittels validierter Testverfahren diagnostizieren, insbesondere in den 
USA wurden hierzu seit den 1970er-Jahren unzählige Studien durchgeführt. Mit der 
Economic Literacy „werden text- und bildsprachliche Kenntnisse sowie das Verständ- 
nis von quantitativen Werten und Verhältnissen in wirtschaftlichen Alltagskontexten 
erfasst“ (Winther, 2010, S.55). Exemplarisch dafür steht der „Test of Economic Litera- 
cy“ nach Soper und Walstad (1987) bzw. nach Walstad et al. (2013). Die Testitems basie- 
ren auf einem Standardcurriculum einer ökonomischen Bildung (insbesondere für 
Highschools), die nach der Bloomschen Entwicklungstaxonomie abgestuft sind und 
das Verständnis über mikro- und makroökonomische Grundlagen sowie Marktfunk- 
tionen erfassen. Beck und Krumm (1994) haben dieses Testverfahren für den deutsch- 
sprachigen Raum adaptiert. Mit der Economic Numeracy werden 


„grundlegende mathematische Kenntnisse und Fertigkeiten vor dem Hintergrund kon- 
kreter Unternehmensprozesse aus zwei Perspektiven [erfasst]: 


(1) Zum einen sollen Rechenoperationen mit unternehmensinternen Bezügen aufgestellt 
und gelöst werden können, (2) zum anderen sind unternehmensinterne Realwerte hin- 
sichtlich ihres Zustandekommens und ihrer Aussagekraft zu interpretieren“ (Winther, 
2010, S. 55). 


Im Hinblick auf den Berufsausbildungsverlauf beschreiben Economic Literacy und 
Numeracy berufsunspezifisches und konzeptuelles Grundwissen tiber Begriffe, Fak- 
ten, Theorien, Modelle und Strukturen auf der ersten Niveaustufe der kaufmänni- 
schen Kompetenzentwicklung (Winther & Klotz, 2016, S.136). Empirisch wurde nach- 
gewiesen, dass dieses Grundwissen eine Voraussetzung für den Erwerb domänen- 
spezifischer Kompetenzen ist und einen signifikanten Einfluss auf das kompetente 
Bewältigen spezifischer wirtschaftsberuflicher Handlungssituationen haben kann 
(Winther, 2010, S. 251, 2011, S. 233). 

Neben dem kaufmännischen Grundwissen werden seit einigen Jahren in der 
Wirtschaftspädagogik auch kaufmännische Grundvorstellungen erforscht. Das Kon- 
zept der Grundvorstellungen wurde von vom Hofe (1995) in der mathematikdidakti- 
schen Forschung entwickelt und von Berding (2019) auf den kaufmännischen Funk- 
tionsbereich des Rechnungswesens übertragen. Den Grundvorstellungen wird eine 
kognitive Scharnierfunktion zugeschrieben, sie dienen der Vermittlung zwischen 
Realität (konkreten Problemstellungen) und den Begriffen, Verfahren und Objekten 
der Fachtheorie, mit denen die Problemstellungen abstrakt abgebildet werden können 
(vom Hofe & Blum, 2016). Dabei wird zwischen normativen Grundvorstellungen - 
diese beschreiben idealisierte Lösungsprozesse bei der Aufgabenbearbeitung - und 
den deskriptiv bei Lernenden ermittelten Grundvorstellungen unterschieden (Griesel, 
Vom Hofe & Blum, 2019, S.130). Annahme ist, dass die Ausprägungen der je spezifi- 
schen Grundvorstellungen von Lernenden einen starken Einfluss auf das Verständnis 
von Fachbegriffen und -konzepten haben, genauer gesagt auf die Fähigkeit, eine reale 
Situation und Aufgabenstellung (Geschäftsvorfall) fachlich in seinen Modellzusam- 
menhängen abbilden zu können und andersherum, die Fachtheorie auf das Verste- 
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hen praktischer Geschäftsvorfälle anwenden zu können (Berding & Jahncke, 2020). 
Grundvorstellungen lassen sich zum einen auf allgemeingültige Konzepte und Be- 
griffe des ökonomischen Denkens und Handelns beziehen, wie etwa das Effizienz- 
und Effektivitätsprinzip oder Angebot-Nachfrage-Konstellationen im Markt. Zum an- 
deren können Grundvorstellungen auf domänenspezifische Konzepte und Begriffe 
referieren, etwa auf buchhalterische Fachbegriffe wie „Ertrag“ und „Aufwand“ (Ber- 
ding, 2019). Im Verhältnis zu den oben genannten kaufmännischen Grundkompeten- 
zen (Literacy/Numeracy) könnten Grundvorstellungen eine grundlegende und struk- 
turgebende Funktion einnehmen und im Sinne von „Basic Ideas“ eine notwendige 
Voraussetzung darstellen, um Economic Literacy und Economic Numeracy ausprägen 
zu können. 

In der Lehr-Lernforschung der kaufmännischen Berufsbildung werden die Kon- 
strukte des Grundwissens und der Grundvorstellungen weitestgehend unabhängig 
voneinander untersucht. Obgleich es sich um zwei unterschiedliche Basisdimensio- 
nen kaufmännischer Kompetenz handelt, bestehen Gemeinsamkeiten: Sie werden 
allgemein als Voraussetzung zur Ausprägung spezifischer Handlungskompetenzen 
verstanden, ihnen wird eine Regulationsfunktion im Verstehen, Wissenserwerb und 
in der Ausprägung einer beruflich-professionellen Handlungsfähigkeit zugeschrie- 
ben, schließlich wird beiden Konstrukten eine handlungssteuernde Funktion unter- 
stellt. Unterscheidungen ergeben sich allerdings in der konkreten Funktionszuschrei- 
bung, der Aussagekraft und der Domänenspezifität. Letztendlich ergeben sich folglich 
zwei benachbarte, aber unterschiedliche Zugänge, um grundlegende kaufmännische 
Handlungsfähigkeiten zu modellieren. 

Angesichts der Vorarbeiten zu diesen Basisdimensionen kaufmännischer Kom- 
petenz verwundert es, dass sie bislang kaum in der Berufsbildung für eine nachhal- 
tige Entwicklung (BBNE) aufgegriffen wurden. Daher werden im vorliegenden Bei- 
trag Ansatzpunkte zur Modellierung kaufmännischer Grundkompetenzen und 
Grundvorstellungen im Handlungsfeld des nachhaltigen Wirtschaftens dargelegt. So 
hat die Untersuchung kaufmännischer Kompetenzen für nachhaltiges Wirtschaften 
bislang erst ansatzweise darüber Aufschluss liefern können, von welchen dispositio- 
nellen Grundvoraussetzungen der Kompetenzerwerb abhängt (vgl. zu den Vorarbei- 
ten Michaelis, 2017; Seeber & Michaelis, 2017). 

Ungeklärt ist insbesondere, ob Kompetenzwicklungsprozesse im Lern- und 
Handlungsbereich des nachhaltigen Wirtschaftens nicht häufig bereits im Stadium 
des Erwerbs grundlegender Kompetenzen abbrechen: Anzunehmen ist, dass die 
Notwendigkeit domänenverbundener Grundfertigkeiten als Voraussetzung für den 
Erwerb domänenspezifisch-kaufmännischer Kompetenzen auf höherem Niveau 
(Winther, 2010; Winther & Achtenhagen, 2008) explizit auch für den Lern- und Hand- 
lungsbereich des nachhaltigen Wirtschaftens gilt. In anderen Worten: Das fachlich 
kompetente Bewältigen von Handlungssituationen und Aufgaben des nachhaltigen 
Wirtschaftens verlangt nach ausgereiften Nachhaltigkeitskompetenzen, für deren Er- 
werb zunächst ein fachlich-praktisches Grundverständnis über Prinzipien, Logiken 
und Regeln des nachhaltigen Wirtschaftens im Sinne einer „Sustainble Economic Liter- 
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acy“ notwendig erscheint. Weiterhin verlangt nachhaltiges Wirtschaften auch grund- 
legende mathematische Fertigkeiten und Fähigkeiten, um die Auswirkungen sozialer 
und ökologischer Problemlagen ökonomisch bewerten und einordnen zu können, 
folglich ist die Notwendigkeit für eine „Sustainble Economic Numeracy“ anzunehmen. 
Der Erwerb dieser Grundfertigkeiten dürfte vielen Lernenden deshalb so schwerfal- 
len, weil sie nicht in der Lage sind, die abstrakten Objekte, Begriffe und Regeln des 
nachhaltigen Wirtschaftens mit den realen Phänomenen, Problemen und Aufgaben 
der betrieblichen Praxis zu verbinden. Das Vorhandensein von spezifisch ausgepräg- 
ten Grundvorstellungen über nachhaltiges Wirtschaften könnte hier als Voraussetzung 
für die Verbindung zwischen Fachlichkeit und Situation fungieren. 

Im Folgenden werden zunächst Befunde zur Modellierung und Diagnose von 
Kompetenzen für nachhaltiges Wirtschaften skizziert (Kapitel 2). Um eine Adaption 
der Modelle kaufmännischer Grundkompetenzen und Grundvorstellungen auf das 
Lern- und Handlungsfeld des nachhaltigen Wirtschaftens zu eröffnen, werden fach- 
liche Bezüge ermittelt (Kapitel 3). Ausblickend wird auf ein empirisches Studienvor- 
haben (Kap. 4) eingegangen. 


2 Zum Stand der Erfassung von Kompetenzen für 
nachhaltiges Wirtschaften 


Mit den Bemühungen, die BBNE an den beruflichen Lernorten mit ihren je spezifi- 
schen Lehr-Lern-Prozessen zu etablieren, ging seit Beginn der 2000er-Jahre die Ziel- 
setzung einher, konkrete Kompetenzziele zu ermitteln, zu modellieren und als Leit- 
ziele in die bestehenden Ordnungsmittel und Curricula einzuschreiben und dort 
anschlussfahig zu machen (Rebmann & Schlomer, 2020). So wurde in der ersten 
Machbarkeitsstudie zur BBNE bereits empfohlen, „an beruflicher Handlungskompe- 
tenz als übergreifendem Lernziel“ (Mertineit, Nickolaus & Schnurpel, 2001, S.37) 
festzuhalten und das aus der Allgemeinbildung stammende Konzept zur Gestaltungs- 
kompetenz nicht unreflektiert zu adaptieren. Es wurde früh ein Katalog an beruf- 
lichen Kernkompetenzen „diskursiv“ (BMBF, 2003, S.176) entworfen und in den 
Folgejahren wurden - vor allem im Rahmen von Modellversuchen zur BBNE - domä- 
nenspezifische Kompetenzbeschreibungen für die Praxis entwickelt. Zuletzt wurde 
im Förderschwerpunkt „BBNE 2015-2019“ des BIBB/BMBF das übergeordnete Ziel 
der „Entwicklung domänen- oder auch berufsspezifischer Nachhaltigkeitskompeten- 
zen in kaufmännischen Berufen“ (Melzig, 2021, S. 23) verfolgt. 

Ausgehend von der Grundannahme, dass individuell-berufliche Kompetenzen 
nicht unmittelbar diagnostiziert werden können, sondern über den Weg der Ermitt- 
lung von beobachtbaren Performanzen des nachhaltigen Handelns „interpretiert“ 
werden, sind zwei (sich gegenseitig ergänzende) empirische Zugänge zur Modellie- 
rung von Kompetenzen für nachhaltiges Wirtschaften entstanden. Ein Zugang zu den 
Performanzen kaufmännischen Nachhaltigkeitshandelns ergibt sich über die Analyse 
realer Geschäfts- und Arbeitsprozesse und Arbeitsplätze mit den inkorporierten be- 
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ruflichen Arbeitsaufgaben und Tätigkeiten. Zum Einsatz kommen Verfahren der 
Qualifikationsforschung wie teilnehmende Beobachtungen, Gruppenbefragungsver- 
fahren bzw. die in den gewerblich-technischen Wissenschaften bekannten „Experten- 
Facharbeiter-Workshops“ (Spöttl, 2018), Individualinterviews mit Expert:innen und 
Praktiker:innen sowie qualitative Inhaltsanalysen von betrieblichen Prozessdoku- 
mentationen und Stellenbeschreibungen (vgl. Kastrup, Kuhlmeier, Reichwein, 2014, 
S.172). Beispiele dafür sind mikrodidaktische Kompetenzbeschreibungen für den 
Lern- und Arbeitsaufgabeneinsatz in der Transport- und Logistikwirtschaft (Fischer, 
Hantke & Roth, 2021), Kompetenzmodellierungen, die auf unternehmerisch-nachhal- 
tiges Denken und Handeln im Einzel-, Groß- und Außenhandel abstellen (Schlömer 
etal., 2021) oder berufswissenschaftliche Ermittlung von Offshore-Kompetenzen für 
energiewirtschaftliche Berufe (Grantz etal., 2014). Ein zweiter Zugang ergibt sich 
über die Analyse curricularer-prüfungsrechtlicher Vorgaben beruflicher Bildungs- 
gänge und deren Interpretationen, damit werden dann „Soll-Performanzen“ und 
Kompetenzlernziele ermittelt. Methodisch kommen insbesondere Inhaltsanalysen 
von Ausbildungsordnungen, Rahmenlehrplänen, schulischen Curricula, Prüfungs- 
aufgaben sowie Schulbüchern und Lernmaterialien zum Einsatz. Zumeist wird dieser 
Zugang kombiniert oder ergänzt durch Ist-Analysen in beruflich-betrieblichen Domä- 
nen, beispielhaft dafür stehen Modellierungen von Weber etal. (2021) zur Gestal- 
tungskompetenz im Einzelhandel, die aus curricularen und prüfungsrechtlichen Vor- 
gaben gewonnen und durch empirische Befragungen abgesichert wurden. Insgesamt 
sollten berufliche Kompetenzstrukturmodelle eine hohe curriculare und tätigkeitsbe- 
zogene Validität aufweisen (Winther, 2010, S.167 ff.). 

Auf Basis domänenspezifischer Strukturmodelle, die die Relation von beruf- 
lichen Handlungen und Kompetenzen des nachhaltigen Wirtschaftens abbilden, las- 
sen sich spezifische Diagnose- und Assessment-Verfahren entwickeln. In den vergan- 
genen Jahren wurden psychometrische Messverfahren vorgelegt, die den Anspruch 
haben, die Merkmalsausprägungen mehrdimensionaler Kompetenzstrukturmodelle 
mit kognitiven und non-kognitiven Ausprägungen von domänenspezifischen Hand- 
lungskompetenzen zu erfassen (Michaelis & Seeber, 2019, S.2). Demzufolge geht es 
idealerweise darum, die kognitiven und affektiv-motivationalen Dispositionen in ihrer 
dimensionalen Abhängigkeit und Wirkungsweise zu erfassen und diese hinsichtlich 
ihrer steuernden Funktion für kompetentes Handeln (Performanz) in domänenspezi- 
fischen Kontexten zu überprüfen (Bloemeke etal., 2015, S. 7 f.; Winther, 2010, S. 113 £.). 

Diese Ansätze sind im Hinblick auf das sog. Diskrepanztheorem (Bolscho & Mi- 
chelsen, 2002) zielführend, demzufolge „sprachlich vermittelte Bewusstseinsinhalte 
als Indikatoren für ein entwickeltes Umweltbewusstsein nur schwach korrelieren mit 
tatsächlichem Umwelt-/Nachhaltigkeitshandeln“ (Rebmann & Slopinski, 2018, S.75). 
Gleichwohl sind die entsprechenden Befunde der Umweltpsychologie nicht so zu 
deuten, dass Wissen und Bewusstsein bedeutungslos seien für die Förderung nach- 
haltigen Verhaltens. Vielmehr bedarf es integrierender Verfahren wie bspw. des Situa- 
tional Judgement Tests, der aufbauend auf der Theorie des geplanten Verhaltens die 
Relationen zwischen nachhaltigkeitsbezogenem Wissen, subjektiven Überzeugungen 
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und dem beobachtbaren Entscheidungsverhalten (Handlungsintentionen) erfasst 
(Seeber etal., 2014; Seeber & Michaelis, 2014; Seeber etal., 2019). In diesem Kontext 
wurde in den Studien auch der Einfluss affektiver-motivationaler Dispositionen auf 
domänenspezifische Kompetenzausprägungen im Bereich des Nachhaltigkeits- 
managements untersucht, dabei zeigen die bisherigen Befunde noch einen grofgen 
methodischen Entwicklungsbedarf an. Zwar lassen sich mehrdimensionale und kom- 
plexe Strukturen kaufmännischer Kompetenz für nachhaltiges Wirtschaften grund- 
sätzlich aufdecken, die Zusammenhänge und Abgrenzungen der Kompetenzdimen- 
sionen lassen sich gleichwohl diagnostisch noch nicht in validierten Modellen 
herleiten (Michaelis & Seeber, 2019, S.2). Die Studie von Seeber etal. (2019) hat eher 
gezeigt, dass der stärkste Einfluss auf das Einbeziehen von Kriterien des nachhaltigen 
Wirtschaftens in kaufmännischen Managemententscheidungen bislang beim dekla- 
rativen Nachhaltigkeitswissen zu erkennen war. 

Auch der von Weber etal. (2021) vorgelegte Vorschlag zur Vermittlung und zum 
Assessment von nachhaltiger Gestaltungskompetenz im Einzelhandel zeigt auf, dass 
die Mehrdimensionalität der kognitiven und non-kognitiven Kompetenzdimensionen 
in Form von didaktischen Lern- und Arbeitsaufgaben zwar operationalisierbar ist, 
aber bislang nicht diagnostisch repliziert werden kann. Der Kompetenzoutcome lässt 
sich durch Selbsteinschätzungen der Lernenden qualitativ (hier mittels Lerntagebü- 
chern) ermitteln. Im Hinblick auf eine valide Kompetenzdiagnostik steht allerdings 
„eine umfassende ganzheitliche und großzahlige empirische Überprüfung noch aus, 
die es erlaubt, das modellierte Kompetenzmodell ganzheitlich statistisch zu überprü- 
fen“ (Weber et al., 2019, S.7). 

Unstrittig sind die Bedeutung und Komplexitat der bisher verfolgten Studienan- 
sätze zur holistischen Modellierung und Diagnostik von Kompetenzen für nachhal- 
tiges Wirtschaften, sie tragen in erheblichem Maße dazu bei, die Effektivität einer 
BBNE zu überprüfen und zu steigern. Insbesondere sind theoretisch und empirisch 
fundierte Erklärungen zu finden, die sich erstens auf Zusammenhänge und Bruch- 
stellen zwischen erworbenen Kompetenzen und dem beruflichen Handeln für nach- 
haltiges Wirtschaften sowie zweitens auf die Diagnose der Schlüsselstellen im Kom- 
petenzentwicklungsprozess (Michaelis & Seeber, 2019) beziehen. Für die weitere 
Argumentation im Beitrag wird davon ausgegangen, dass eine kaufmännische Hand- 
lungskompetenz für nachhaltiges Wirtschaften in Anlehnung an Winther (2011, 
S.222f.) als mehrdimensionales Konstrukt zu modellieren ist, das zum einen aus 
übergeordneten, grundlegenden domänenverbundenen Kompetenzbereichen besteht 
sowie zum anderen aus domänenspezifischen und professionellen Kompetenzberei- 
chen. Für die Ausprägung beruflicher Handlungskompetenzen und das Bewältigen 
spezifischer wirtschaftsberuflicher Handlungssituationen wird den Grundkompe- 
tenzbereichen eine zentrale Funktion zugewiesen (Winther etal., 2016; Winther & 
Klotz, 2016). Im Folgenden werden fachliche Referenzpunkte zur Modellierung und 
Diagnostik der eingangs vorgestellten Konstrukte der Grundkompetenzen und Grund- 
vorstellungen für nachhaltiges Wirtschaften dargelegt. 
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3 _ Fachwissenschaftliche Zugänge und Referenzen zum 
nachhaltigen Wirtschaften 


Zur Modellierung kaufmännischer Grundkompetenzen und Grundvorstellungen für 
nachhaltiges Wirtschaften ist es grundlegend, „übergreifende Ideen und Prinzipien 
einer Fachdisziplin [...] aus der jeweiligen Fachwissenschaft sowie der vorherrschen- 
den Fachdidaktik“ (Winther & Achtenhagen, 2008, S. 514) sowie „die zentralen domä- 
nenbeschreibenden Denkfiguren und Begriffe für das Verständnis eines beruflichen 
Handlungsbereichs“ (ebenda, S.528) zu erschließen. Im Hinblick auf die Beschrei- 
bung eines kaufmännisch-allgemeinen Grund- und Vorwissens gilt es, inhaltliche Be- 
züge sowohl in der nachhaltigkeitsorientierten Makro- und Mikroökonomie als auch 
in der nachhaltigen Betriebswirtschafts- und Managementlehre zu identifizieren, die 
das Wirtschaftsberufliche repräsentieren, ohne jedoch bereits berufsspezifische und 
komplexe Inhalte auszuprägen, die erst auf höher gelagerten Kompetenzniveaustufen 
gefördert werden. Diese fachwissenschaftlichen Referenzen könnten über die ein- 
gangs im Beitrag eingeführte Literacy- und Numeracy-Konzeption erschlossen wer- 
den, sie „abstrahiert von der Fachwissenschaft und bindet Anforderungssituationen 
an Kontexte und Anwendungen des Alltags“ (Winther, 2011, S. 227). Konkret könnten 
sich Grundkompetenzen für nachhaltiges Wirtschaften über die Dimensionen der 
kaufmännischen Numeralität als Verständnis über quantitative Werte und Verhält- 
nisse sowie der kaufmännischen Literalität als Ausdruck text- und bildsprachlichen 
Verständnisses modellieren lassen (Klotz, 2015, S. 112 f.; Winther & Klotz, 2016, S. 135). 
Die zur Bestimmung kaufmännischer Grundkompetenzen und Grundvorstellungen 
für nachhaltiges Wirtschaften notwendigen Referenzen lassen sich auf drei Ebenen 
hinsichtlich der Abstraktion in der Beschreibung, Erklärung und Reflexion des kauf- 
männischen Denkens und Handelns in berufstypischen Situationen verorten (Kle- 
misch, Schlömer & Tenfelde, 2008; Panschar et al., 2020, S. 23 ff.). 

Auf einer Ebene 1. Ordnung sind paradigmatische Ansätze und Modelle sowie 
Konzepte und Thesen zu verorten, mit denen die Grundfunktionen von Volkswirt- 
schaften und unternehmensübergreifenden Entitäten mit deren Relationen zu Gesell- 
schaft und Ökologie kritisch betrachtet und in alternativen Formen neu gedacht wer- 
den. Die fachwirtschaftlichen Aussagengehalte weisen im Hinblick auf das kaufmän- 
nische Berufshandeln einen sehr hohen Abstraktionsgrad auf, sodass mit deren 
Überführung in Curricula, Kompetenzstrukturmodelle und Lehr-Lern-Prozesse die 
Herausforderung einhergeht, die Relevanz und Anschlussfähigkeit zum wirtschafts- 
beruflichen Alltag herzustellen. Zweifelsohne kann über diese Referenzen Orientie- 
rung für nachhaltiges Berufshandeln gestiftet werden, so verweisen sie auf Prinzi- 
pien, Rahmensetzungen und Regeln der Ökonomien. Exemplarisch sichtbar wird 
dies am Konzept der transformativen Wirtschaftswissenschaften (Beckenbach, 2017; 
Schneidewind etal., 2016), das auf die Handlungswirksamkeit ökonomischer Theo- 
rien und Forschungserkenntnisse im Hinblick auf gesellschaftliche Zielsetzungen 
und ökologische Problemlösungen verweist und einen Aufruf für ein interdisziplinä- 
res, ethisch-wertbasiertes und gestaltungsoffenes Verständnis über Ökonomie dar- 
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stellt. In diesem Kontext stehen auch die Postwachstum- und Degrowth-Bewegungen 
(Lorenz, 2016) sowie die Denkfiguren einer pluralen Ökonomie (Urban etal., 2021; 
Thielscher, 2020). 

Den hier genannten ökonomischen Ansätzen, Konzepten und Annahmen ist ge- 
mein, dass sie sich von der ((neo-)klassischen) Mainstream-Ökonomie und ihrem 
Menschenbild des homo oeconomicus abgrenzen und stattdessen neue Handlungs- 
logiken, Denkmuster und Entscheidungsprinzipien zur Diskussion stellen. Dafür 
steht konkret die Leitvorstellung der möglichst weitgehenden Entkopplung der öko- 
nomischen Wertschöpfung von der ökologischen und sozialen Ressourcennutzung, 
die durch technische Innovationen und vor allem durch soziokulturelle Verhaltensän- 
derungen im Sinne einer Suffizienzstrategie erreicht werden kann (Stengel, 2011, 
S.140). In einer konsequenten Auslegung resultieren Vorstellungen über eine nach- 
haltige Bioökonomie (Grunwald, 2020). Für das kaufmännische Denken und Handeln 
bieten derartige Überlegungen umfassende Reflexionsmöglichkeiten, um eigene 
Verhaltensprinzipien, die beruflich-betriebliche Rahmenbedingungen und Erklä- 
rungsmuster kritisch zu überprüfen. In diesem Kontext kann auch auf Ansätze der 
Happiness-Forschung in der Ökonomie verwiesen werden, die dazu anregen, das 
konventionelle Wachstumsparadigma und Indikatoren der Wohlstandsmessung 
(Bruttoinlandsprodukt) zu hinterfragen und Vorstellungen dazu zu entwickeln, wie 
Okonomien auf die Wohlfahrt einer Gesellschaft — entlang der Kategorien von 
menschlichem Wohlergehen, Chancengerechtigkeit, Gesundheit, Bildung - effektiver 
Einfluss nehmen können (Büchs & Koch, 2017). 

Auf einer Ebene 2. Ordnung sind fachliche Referenzen für Grundwissen und 
Grundvorstellungen zu verorten, die auf eine Theorie und Praxis der nachhaltigen 
Unternehmung abstellen. Die Aussagengehalte auf dieser Beschreibungsebene bezie- 
hen sich auf Grundsatzentscheidungen, Organisationskonzepte, das Kalkül der Wett- 
bewerbs- und Existenzsicherung sowie Kulturausprägungen von Unternehmungen 
mit ihrer Systemumwelt. Klarerweise handelt es sich hier um fachliche Bezugspunkte, 
die sich im Kern auf die Unternehmensführung und das Management beziehen und 
damit für Kaufleute in operativ-ausführenden Stellen in der Regel nicht einfach zu 
erschließen sind. Gleichwohl besteht Konsens darin, die fachlichen Referenzen der 
Theorie und Praxis von Unternehmensführung in der wirtschaftsberuflichen Ausbil- 
dung zugänglich zu machen (Tramm, 2003; Winther, 2010). Die Auseinandersetzung 
damit ermöglicht eine Rahmensetzung und grundlegende Verortung des kaufmänni- 
schen Denkens und Handelns und zeigt auf, inwieweit ein systemisches Verständnis 
über grundlegende Zusammenhänge von Arbeit, Beruf und Betrieb ausgeprägt ist. 
Dazu können sowohl fachliche Referenzen herangezogen werden, die eine hohe 
Kompatibilität mit etablierten Denkschulen und Praxeologien aufweisen, als auch 
solche, die sich gezielt als Gegenprogramm zur effizienzorientierten allgemeinen 
Betriebswirtschaftslehre begreifen lassen. 

Als Stand der wirtschaftsdidaktischen Diskussion kann die prozessorganisatio- 
nale und marktorientierte Differenzierung von Kernleistungsprozessen und Unter- 
stützungsprozessen gesehen werden, die in den Lernfeldern der kaufmännischen 


Tobias Schlomer 291 


Rahmenlehrpläne strukturgebend ist. Die Wertschöpfungs- und Geschäftsprozessar- 
chitekturen werden typischerweise gemäß dem „Market Based View“ programma- 
tisch funktional im Hinblick auf die Gestaltung von Markt, Kunden und Wettbewerb 
ausgelegt (Gaitanides, 2012; Gaitanides & Ackermann, 2004). Als tendenziell gut an- 
schlussfähig an konventionell-betriebswirtschaftliche Entscheidungstheorien und an 
typische Denkmuster der kaufmännischen Berufspraxis dürften Ansätze sein, die 
nachhaltiges Wirtschaften als Geschäftsmodelle konzeptualisieren. Geschäftsmodelle 
bieten sich als Teilkonstrukt der Modellierung von Grundkompetenzen und Grund- 
vorstelllungen für nachhaltiges Wirtschaften insofern an, als dass sich mit ihnen 
pointiert und verständlich die Interaktionen, Strukturen und Prozesse eines Unter- 
nehmens darstellen lassen. Konkret bieten Geschäftsmodelle basale Einsichten in das 
finanzwirtschaftliche Kalkül, das Leistungsangebot, die Kunden- und Marktorientie- 
rung, die Wertschöpfungsarchitektur sowie die Ressourcen und Partnerschaften eines 
Unternehmens (Kiepe et al., 2019, S. 22 ff.; Schallmo, 2014, S.6). Dabei lassen sich aus 
der Interpretation von Geschäftsmodellfällen die grundlegenden Zusammenhänge 
unternehmerischen Denkens und Handelns abbilden. Zudem fordert die Auseinan- 
dersetzung mit praktischen Geschäftsmodellen eine weitergehende theoretische Aus- 
einandersetzung und Reflexion kaufmännischer Entscheidungen, insbesondere im 
Hinblick auf Widersprüche, den Umgang mit Trade-offs und grundlegende Fragen 
der betrieblichen Ressourcennutzung an (Müller-Christ, 2014). 

Die fachwissenschaftliche Auseinandersetzung mit nachhaltigen Geschäfts- 
modellen hat seit Beginn der 2000er-Jahre konträre Konzeptauslegungen, Vorstellun- 
gen und wissenschaftliche Befunde hervorgebracht. Auf der einen Seite finden sich 
Annahmen eines als „Business Case of Sustainability“ bezeichneten verengten, oppor- 
tunistischen Profitkalküls, demnach Unternehmen ein rational definiertes Maß an 
ökologischem und sozialem Engagement nur dann verfolgen, wenn es eindeutig zur 
Erhöhung von Shareholder Value beiträgt (Schaltegger, et al., 2019, S. 193 f.). Das dem- 
entsprechende Entscheidungsprinzip besagt, dass ökologische und sozial relevante 
Maßnahmen so skaliert werden sollten, dass sie zur einzelbetrieblichen Risiko- und 
Kostenminimierung und/oder Umsatzsteigerung beitragen. Demgegenüber stehen 
Annahmen eines „Business Case for Sustainability“, demnach Unternehmen freiwil- 
lige soziale und ökologische Maßnahmen initiieren und dabei selbst auch profitieren 
können (vgl. ebenda, S.195f.). Im Gegensatz zum erstgenannten Business Case-Kon- 
zept wird hier ein integrierendes, synergetisches und pragmatisches Zusammenfüh- 
ren von ökologischen, sozialen und ökonomischen Ansprüchen verfolgt. Exempla- 
risch dafür stehen die Überlegungen von Schneidewind (2012), der argumentiert, 
dass die auf Entschleunigung, Reduktion und Regionalisierung abzielenden Suffizi- 
enzstrategien in unternehmerische Business Cases münden können. Beide Ausle- 
gungen über Business Cases sind empirisch und theoretisch begründbar, sie bieten 
sich als Konstrukte zur Modellierung kaufmännischer Grundkompetenzen und 
Grundvorstellungen für nachhaltiges Wirtschaften an. 

Auf einer Ebene 3. Ordnung lässt sich eine Vielzahl fachwissenschaftlicher und 
fachpraktischer Referenzen zu den Teilfunktionen und Gestaltungsfeldern einer 
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nachhaltigen Betriebswirtschaftslehre verorten, mit denen sich das kaufmännische 
Handeln unmittelbar konkret beschreiben, analysieren, erklären und begründen 
lässt. Dabei handelt es sich überwiegend um methodisch-konzeptuelle Bezugspunkte 
(Ernst & Sailer, 2013), mit denen wirtschaftsberufliche Anforderungssituationen zur 
Umsetzung von nachhaltigem Wirtschaften über Teilfunktionen hergeleitet werden 
können. Dabei lassen sich im Sinne des Numeracy-/Literacy-Konzepts Teilfunktionen 
unterscheiden, die eher einen mathematisch-analytischen oder eher einen sprachlich- 
argumentativen Zugang verfolgen. Mathematisch-analytische Zugänge ergeben sich 
über das nachhaltigkeitsorientierte Rechnungswesen mit Instrumenten der Umwelt- 
bilanzierung (Müller, 2010) und dem nachhaltigen Controlling (Colsman, 2016) sowie 
über die Arbeiten zu nachhaltigen Kapitalmärkten (Bassen & Lopatta, 2020) und An- 
sätzen zur betrieblichen Finanzierungs- und Investitionsrechnung im Nachhaltig- 
keitskontext. Diese Zugänge stellen darauf ab, sowohl die Auswirkungen sozialer und 
ökologischer Problemstellungen auf ein Unternehmen monetär zu bewerten als auch 
die Maßnahmen und Prozesse des nachhaltigen Wirtschaftens von Unternehmen 
und unternehmerische Entscheidungen in Wert- und Zahlungsströme zu übertragen. 
Diese Teilfunktionen sind notwendig, um die angesprochenen nachhaltigen Business 
Cases als Kalkül zu begründen und zu legitimieren. Ebenso lassen sich Ansätze einer 
nachhaltigen Beschaffung anführen, hier werden Kausalketten numerisch erfasst 
und in Form von Indikatoren dargestellt, wie sich an Beispielen der Verpackungsre- 
duktion oder dem Lieferantenscoring zeigen lässt (Wellbrock & Ludin, 2019). 

Sprachlich-argumentative Zugänge werden in kaufmännischen Tätigkeiten und 
Teilfunktionen notwendig, in denen es darum geht, die Bezüge zwischen sozialen, 
ökologischen Problemlagen und den Maßnahmen und Zielen der Unternehmung in 
Kommunikation und Interaktion darzulegen. Diese Anforderungen werden u.a. in 
Handlungsfeldern zur Nachhaltigkeitsberichterstattung, zum nachhaltigen Marke- 
ting oder zur nachhaltigen Personalwirtschaft konkret sichtbar. Beispielhaft dafür ste- 
hen Situationen, in denen Präferenzen, Werte und soziodemografische Merkmale 
von nachhaltigkeitsaffinen Kundenzielgruppen bestimmt und berücksichtigt werden. 
Auch das Storytelling als Methode zur Vermarktung nachhaltiger Produkte und narra- 
tiven Darstellung des nachhaltigen Nutzenversprechens fordert sprachlich-argumen- 
tative Fertigkeiten (Kiepe et al., 2019, S. 98). 

Die vorgenannten Referenzpunkte bieten einen ersten Zugang zur Modellierung 
von Grundkompetenzen und Grundvorstellungen fiir nachhaltiges Wirtschaften. Um 
deren Bedeutung, Ausprägungen und Wirkungen im Rahmen einer BBNE näher zu 
bestimmen, bedarf es umfangreicher Studien, ein erster Ansatz dafür wird ausbli- 
ckend vorgestellt. 


Tobias Schlomer 293 


4 Ausblick auf die Modellierung und Diagnose 
kaufmännischer Grundkompetenzen und 
Grundvorstellungen zum nachhaltigen Wirtschaften 


Die vorgenannten Überlegungen sollen im Rahmen der wissenschaftlichen Beglei- 
tung zum Projekt „Transfer der Module zur Geschäftsmodell- und Kompetenz- 
entwicklung für nachhaltiges Wirtschaften (GEKONAWItAnsfer)« für Zwecke der Eva- 
luation einer Fortbildung (Kiepe et al., 2019) operationalisiert werden. Dabei ergeben 
sich zwei übergeordnete Fragestellungen: (1.) Welche kaufmännischen Grundkompe- 
tenzen und Grundvorstellungen im Bereich des nachhaltigen Wirtschaftens haben 
betriebliche Ausbilder:innen und Auszubildende in unterschiedlichen kaufmänni- 
schen Berufsdomänen (Handel und Dienstleistungen, Industrie, Energiewirtschaft, 
Banken und Versicherung sowie Verwaltung) ausgeprägt und inwieweit verändern 
sich diese im Zeitverlauf? (2.) Welche Interdependenzen lassen sich zwischen den 
Ausprägungen der Grundkompetenzen und Grundvorstellungen zum nachhaltigen 
Wirtschaften identifizieren? 

Abschließend werden die Schritte dieses Studienvorhabens knapp skizziert. Ers- 
ter Entwicklungsschritt ist die theoriebasierte Modellierung kaufmännischer Grund- 
kompetenzen und Grundvorstellungen zum nachhaltigen Wirtschaften auf Basis des 
Literacy-/Numeracy-Konzepts und des Modells von vom Hofe und dessen Adaption 
auf die kaufmännische Berufsausbildung durch Berding (2019). Dies beinhaltet eine 
vertiefte fachwissenschaftliche Analyse von Aussagengehalten und Fachreferenzen 
zur nachhaltigen Ökonomie, zur Theorie und Praxis einer nachhaltigen Unterneh- 
mung und zu den Teilfunktionen einer nachhaltigen Betriebswirtschaftslehre (siehe 
Kapitel 3 in diesem Beitrag). Dieser Modellentwurf wird im zweiten Schritt curricular 
validiert durch eine kategoriale Inhaltsanalyse von Rahmenlehrplänen und Ausbil- 
dungsordnungen. Zudem ist eine Validierung mittels Dialog-Konsens-Technik durch 
betriebliche Ausbilder:innen und schulische Lehrkräfte geplant. Parallel dazu wird 
eine tätigkeitsbezogene Validierung durch Analysen von Geschäfts- und Arbeitspro- 
zessen, Stellenbeschreibungen und Prozessdokumentationen durchgeführt. Auch 
kann die Dialog-Konsens-Technik eingesetzt werden zur Validierung der Modellstruk- 
turen durch Fachpraxisexpert:innen. Im dritten Schritt erfolgt die Entwicklung und 
Testung eines Diagnoseinstrumentes zur Erhebung kaufmännischer Grundkompe- 
tenzen zum nachhaltigen Wirtschaften auf Basis von Literacy/Numeracy-Skalen und 
eines validierten Wissenstests zur Domäne des nachhaltigen Wirtschaftens (Berding 
et al., 2018). Synchron erfolgt die Testentwicklung und Diagnostik der nachhaltigkeits- 
bezogenen Grundvorstellungen, im Mittelpunkt steht hier die Ausdifferenzierung 
von Diagnoseaufgaben, hier wird insbesondere auf den Überlegungen und Testver- 
fahren von Berding (2019) aufgebaut. 


1 Das Projekt GEKONAWItransfen) wird vom 01.11.2020 bis 31.10.2022 im Rahmen der Férderrichtlinie „Berufsbildung für 
Nachhaltige Entwicklung im Transfer für Ausbildungspersonal 2020 bis 2022“ vom Bundesinstitut für Berufsbildung 
(BIBB) im Auftrag und aus Mitteln des Bundesministeriums für Bildung und Forschung (BMBF) gefördert. Beteiligt sind 
die Neue Effizienz GmbH und die WBS Training AG als Transferpartner sowie die Helmut-Schmidt-Universität/Universi- 
tät der Bundeswehr Hamburg (wissenschaftliche Begleitung). 
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Nachhaltige Lernprozesse durch 
geschaftsprozessorientiertes Lernhandeln in 
digital gestiitzten Lernumgebungen 


Manpy HOMMEL 


Zusammenfassung 


Nachhaltiges Lernen setzt Lernprozesse voraus, die auf Dauer angelegtes vernetztes 
Wissen ermöglichen, das die Basis für die künftige Vertiefung und Erweiterung des 
Wissens und für lebenslanges Lernen darstellt. In der beruflichen Bildung werden 
durch nachhaltiges Lernen die Voraussetzungen für verantwortliches Handeln in 
konkreten Anwendungssituationen geschaffen. Dieser Beitrag nimmt die Wahrneh- 
mungen von Lernenden in Bezug auf ihre Lernprozesse in verschiedenen Lernumge- 
bungen für das Lernhandeln in integrierter Unternehmenssoftware (Enterprise Re- 
source Planning [ERP] Software) in den Blick. Dabei ist anzunehmen, dass Lernum- 
gebungen, die künftige Anwender:innen kleinschrittig mit den Softwarefunktionen 
vertraut machen (sog. Klickschulungen), nachhaltiges Lernen weniger fördern als 
geschäftsprozessorientierte Simulationen. Für die Studie wurde ein 2x2-faktorielles 
Design mit den Faktoren Lernumgebung (funktionsorientiert, prozessorientiert) so- 
wie der Sozial- und Interaktionsform (einzeln Lernende vs. Lernende mit einem/einer 
Lernpartner:in) genutzt (N =169 Lernende). Der Studie lagen universitäre Lehrveran- 
staltungen zu SAP ERP HCM zugrunde, die in Bachelorstudiengängen der Wirt- 
schaftswissenschaften angeboten wurden. Die Wahrnehmungen der Lernenden zu 
ihren Lernprozessen in der jeweiligen Lernumgebung für ERP-Software wurden in- 
haltsanalytisch ausgewertet und in Verbindung mit den erreichten Lernergebnissen 
(Pre-, Posttest) analysiert. Die Ergebnisse zeigen, dass Klickschulungen vermehrt mit 
oberflächlichen Lernprozessen einhergehen und eine tiefe Auseinandersetzung mit 
den Lerninhalten nicht unterstützen. Lernende, die ihren Lernprozess als eher ober- 
flächlich einschätzten, erreichten einen deutlich geringeren Lernerfolg als die Lernen- 
den ohne diese Wahrnehmung. Die Ergebnisse weisen darauf hin, dass geschäftspro- 
zessorientierte Simulationen eine tiefe Verarbeitung der Lerninhalte anregen können 
und damit nachhaltiges Lernen positiv beeinflussen. 


Schlagworte: nachhaltiges Lernen, Geschäftsprozesse, geschäftsprozessorientierte Si- 
mulation, Klickschulung 


Nachhaltige Lernprozesse durch geschäftsprozessorientiertes Lernhandeln in digital gestützten 
300 Lernumgebungen 


Abstract 


Sustainable learning presupposes learning processes that enable cross-linked durable 
knowledge, which forms the basis for the future deepening and broadening of knowl- 
edge and for lifelong learning. In vocational education and training, sustainable learn- 
ing creates the conditions for responsible action in concrete application situations. 
This paper takes a look at learners’ perceptions of their learning processes in different 
learning environments for learning integrated business software (Enterprise Resource 
Planning [ERP] software). It can be assumed that learning environments that famil- 
iarise future users with the software functions in small steps (so-called click training) 
promote sustainable learning less than business process-oriented simulations. The 
study used a 2x2 factorial design with the factors learning environment (function- 
oriented, process-oriented) and the social and interaction form (individual learner vs. 
learner with a learning partner) (N = 169 learners). The study was based on university 
courses on SAP ERP HCM that were offered in bachelor's degree programmes in eco- 
nomics. The learners’ perceptions of their learning processes in the respective learn- 
ing environment for ERP software were evaluated by content analysis and analysed in 
connection with the learning outcomes achieved (pretest, posttest). The results show 
that click training is mostly associated with superficial learning processes and does 
not support a deep engagement with the learning content. Learners who perceived 
their learning process as rather superficial achieved a significantly lower learning suc- 
cess than learners without this perception. The results indicate that business process- 
oriented simulations can stimulate deep processing of the learning content and thus 
positively influence sustainable learning. 


Keywords: sustainable learning, business processes, business process-oriented simu- 
lation, click training 


1 Erste Annäherungen an den Begriff der Nachhaltigkeit 
und Einführung in den Beitrag 


Bei Sustainability oder Nachhaltigkeit handelt es sich um ein Omnibuskonzept, das 
aktuell in aller Munde ist. Die Prägung des Begriffs Nachhaltigkeit steht jedoch nicht 
mit der Wissensgesellschaft oder der digitalen Revolution in Verbindung, sondern 
geht stattdessen auf die Zeit des Barocks und insbesondere auf Hans Carl von Carlo- 
witz (1713) zurück. Von Carlowitz (1713) nutzte den Begriff der Nachhaltigkeit, um 
darauf hinzuweisen, dass Holz als Rohstoff und damit Wald als Rohstoffquelle eines 
verantwortlichen Umgangs bedürfen. Im Kreislauf des Säens, Pflanzens, Wachsens 
und Erntens müsse berücksichtigt werden, dass nur so viel Holz geschlagen wird, 
dass ein entsprechendes Nachwachsen möglich ist. Nachhaltigkeit sichert in diesem 
Sinne, dass zum einen vorhandene Substanz per Saldo nicht verloren geht und zum 
anderen ein dauerhafter Zuwachs erreicht werden kann. Diese Grundidee findet sich 
in heutiger Zeit übertragen auf unterschiedlichste Bereiche menschlichen Handelns 
wieder. 


Mandy Hommel 301 


Im Kontext des Lernens (Kremer, 2007; Schüßler, 2004; 2008) kann Nachhaltig- 
keit so verstanden werden, dass damit erstens die Forderung nach überdauernden Er- 
gebnissen von Lernprozessen verbunden ist (Kategorie 1). Zweitens ist es erforderlich, 
dass derartige Lernergebnisse wiederum nutzbringend, verantwortlich und nachhal- 
tig angewendet und eingesetzt werden (Kategorie 2). Damit ist nicht nur der erforder- 
liche Transfer des Gelernten in die berufliche Praxis umrissen, sondern auch Nach- 
haltigkeit allgemein, z.B. im Duktus ökologischen und nachhaltigen Wirtschaftens. 
Nachhaltige Lernergebnisse können weiteren Erkenntniszuwachs vorbereiten und 
nach sich ziehen. Nachhaltigkeit kann so drittens für das Lernen selbst gefordert und 
als auf Dauer ausgelegter Prozess nachhaltiger Entwicklung und lebenslangen Ler- 
nens verstanden werden (Kategorie 3). Um nachhaltige Lernprozesse in diesem drei- 
fachen Sinne zu erreichen, stellt sich die Frage, wie die entsprechenden Lernprozesse 
und Lernumgebungen gestaltet werden sollten. 

Dieser Beitrag widmet sich der Thematik Nachhaltigkeit im Kontext beruflicher 
Bildung und speziell bei digital gestütztem Lernen betrieblicher Anwendungssoft- 
ware. Die dabei in den Blick genommene integrierte Unternehmenssoftware erlaubt 
die Steuerung von Geschäftsprozessen eines Unternehmens, deren Ausgangs- und 
Endpunkt jeweils der Kunde darstellt. Die in Geschäftsprozesse einfließenden Res- 
sourcen sowie die Ergebnisse und Konsequenzen von Geschäftsprozessen sind mit 
den Dimensionen der Nachhaltigkeit (ökologisch, ökonomisch, sozial) im Sinne 
des Drei-Säulen-Modells (u.a. Zimmermann, 2016) verbunden. Eine verantwortliche 
Steuerung von Geschäftsprozessen impliziert daher diese Dimensionen der Nachhal- 
tigkeit. Im Kontext der Qualifizierung für den Umgang mit integrierter Unterneh- 
menssoftware soll die Frage beantwortet werden, ob die in der Praxis häufig vor- 
kommenden Anwenderqualifizierungen in Form von kleinschrittigen Klickschulun- 
gen geeignet sind, nachhaltiges Lernen (Kategorie 1) zu ermöglichen und potenzielle 
Anwender:innen auf eine verantwortliche Steuerung der Geschäftsprozesse mithilfe 
von integrierter Unternehmenssoftware vorzubereiten (Kategorie 2). 

Im Folgenden wird zunächst das Konzept der Nachhaltigkeit in Bezug auf die 
berufliche Bildung elaboriert. Daran anknüpfend wird die Geschäftsprozessorientie- 
rung vor dem Hintergrund der Nachhaltigkeit betrachtet. Anschließend werden die 
Methode der empirischen Untersuchung, Erhebungsinstrumente, Datenauswertung 
sowie die Ergebnisse vorgestellt und diskutiert. Der Beitrag schließt mit den Limita- 
tionen der Studie und einem Ausblick auf künftige Forschungsbemühungen. 


2 Nachhaltigkeit in der beruflichen Bildung 


Der Begriff Nachhaltigkeit in der beruflichen Bildung umfasst einerseits als überge- 
ordnetes, allgemeines Konzept sowohl nachhaltiges Wirtschaften als auch die nach- 
haltige Nutzung von Rohstoffen und weiteren Ressourcen. Andererseits lässt sich 
Nachhaltigkeit als ein auf das Lernen und konkret auf überdauernde Lernergebnisse 
bezogenes Konzept identifizieren. So unterscheidet bspw. Kremer (2007) die folgen- 
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den beiden Dimensionen: nachhaltige Wirksamkeit von Lehr-Lern-Prozessen sowie 
Nachhaltigkeit bzw. nachhaltige Entwicklung als umfassendes Konzept, das in der be- 
ruflichen Bildung zu berücksichtigen ist. 

Schüßler (2004, S. 150; 2008, S. 184 f.) unterscheidet eine lerntheoretische (Kremers 
erste Dimension) und eine bildungstheoretische Perspektive nachhaltigen Lernens. 
Wahrend sich die lerntheoretische Perspektive auf die zu erwerbenden beruflichen 
Fertigkeiten, Kenntnisse und Fahigkeiten im Sinne einer beruflichen Handlungs- 
fähigkeit (f 1 [3] BBiG) beziehen lässt, nimmt die bildungstheoretische Perspektive die 
Voraussetzungen für eine nachhaltige Entwicklung bzw. die künftig erforderlichen 
Kompetenzen in den Blick (Schüßler, 2004, 2008). Schüßlers Perspektiven ergänzend, 
gehört zum Ziel nachhaltigen Lernens in der beruflichen Bildung, und für diesen 
Beitrag insbesondere in der kaufmännischen Bildung, ebenso die Fähigkeit, nachhal- 
tig wirtschaftlich zu handeln (Kategorie 2). Der Erfolg von Lernprozessen in lerntheo- 
retischer Perspektive bewährt sich in der beruflichen Handlungsfähigkeit in konkre- 
ten Situationen und problemlösendem Handeln. Der Erfolg in bildungstheoretischer 
Perspektive zielt auf die Kompetenzen, die nicht nur für heutiges, sondern auch für 
zukünftiges erfolgreiches berufliches Handeln erforderlich sind, und damit auf den 
Erhalt und die Anpassung bzw. Erweiterung beruflicher Handlungsfähigkeit (Katego- 
rie 3). Im Kontext des Handelns ist dabei auch die soziale Komponente der Interaktion 
mit anderen zu berücksichtigen, die u.a. eine Aushandlungsfähigkeit beinhaltet, um 
konsensuale Zielgrößen und abgestimmtes nachhaltiges Handeln, z.B. in einem Un- 
ternehmen, zu ermöglichen. In Bezug auf das Lernen kann diese Komponente bei der 
Wahl der Sozial- und Interaktionsform in Lernprozessen berücksichtigt und gefördert 
werden. 

Dieser Beitrag sieht Nachhaltigkeit als ein Konzept mit verschiedenen Perspek- 
tiven, das den Kontext beruflicher Bildung wiederum nachhaltig durchwirkt. Nachhal- 
tigkeit in der beruflichen Bildung zielt auf überdauernde Lernergebnisse (Kategorie 1), 
die wiederum Ausgangspunkt und Voraussetzung für lebenslanges Lernen sind (Ka- 
tegorie 3), sowie auf den Transfer von Kenntnissen, Fähigkeiten und Fertigkeiten und 
deren Bewährung in verantwortungsvollem und nachhaltigem Handeln (Kategorie 2). 


3 _ Geschäftsprozessorientierung unter 
Nachhaltigkeitsgesichtspunkten 


Aus der Perspektive nachhaltigen wirtschaftlichen Handelns ist eine Entwicklung in 
den Blick zu nehmen, die Unternehmen seit reichlich drei Jahrzehnten zunehmend 
geprägt hat: die Geschäftsprozessorientierung (GPO). Reorganisationsbestrebungen 
im Kontext der GPO zielen auf eine Verbesserung der kompetitiven Fähigkeiten 
durch die Erhöhung der Effizienz von unternehmensinternen Abläufen sowie eine 
Steigerung der Zufriedenheit von Kunden (u.a. Bendorf, 2008; Gaitanides, 2007; 
2009; Tramm, 2003). Die Orientierung an betriebswirtschaftlichen Funktionen im 
Unternehmen weicht einer Orientierung an Geschäftsprozessen. Verbunden mit 
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einer starkeren gesamtgesellschaftlichen Diskussion und Akzeptanz der Thematik 
Nachhaltigkeit sind Kunden diesbeziiglich vermehrt sensibilisiert und achten in 
ihrem Konsumverhalten stärker auf Nachhaltigkeitsaspekte. In der Konsequenz ist 
die Nachhaltigkeit aus den Faktoren, die die Kundenzufriedenheit beeinflussen kön- 
nen, nicht mehr wegzudenken. Für Unternehmen stellt Nachhaltigkeit auch insbe- 
sondere durch knappe Ressourcen und Umweltprobleme eine ökonomische und 
ökologische Herausforderung dar, die seitens des Personals die Bereitschaft und Fä- 
higkeit zur Entwicklung innovativer Lösungsansätze erfordert (Berding etal., 2018). 
Zu berücksichtigen sind damit insbesondere die in einem Unternehmen tätigen Indi- 
viduen als in Geschäftsprozessen handelnde Subjekte. Reorganisationsbestrebungen 
im Rahmen der GPO können daher die Thematik Nachhaltigkeit nicht außen vor las- 
sen, sondern müssen Geschäftsprozesse im Unternehmen auch vor dem Hinter- 
grund der Nachhaltigkeit in den Blick nehmen und optimieren (Behrens et al., 2016). 
Nachhaltige Unternehmen optimieren daher nicht lediglich ihre Geschäftsprozesse, 
sondern analysieren ihr unternehmerisches Handeln sowohl aus wirtschaftlicher, 
ökologischer als auch aus gesellschaftlich/sozialer Perspektive und berücksichtigen 
daraus resultierende Konsequenzen (Fischer et al., 2020). 

Als theoretischer Rahmen für das Steuern von bzw. das Handeln in Geschäfts- 
prozessen kann die Tätigkeitstheorie von Engeström (2008) adaptiert und erweitert 
werden. Ausgangspunkt ist die „Triade von Subjekt, Gegenstand und vermittelndem 
Artefakt“ (Engeström, 2008, S.62) als erste Generation der Tätigkeitstheorie. Denken 
und Handeln sind kulturhistorisch verankert (Vygotsky, 1930/1978; Leontjew, 1979; 
Luria, 1979), jeweils auf einen Handlungsgegenstand gerichtet und durch Artefakte 
vermittelt. In Bezug auf die handelnden Individuen sind dabei jeweils deren „psycho- 
physische Weltfen]“ (Becker, Oldenbürger & Piehl, 1987, S.433), insbesondere die 
Wechselwirkungen von Emotion, Motivation und Kognition (als innerpsychische 
Komponenten), sowie die Interaktion mit der Umgebung zu berücksichtigen (ebd.). 
Exemplarisch für Geschäftsprozesse, speziell den Unterstützungsprozess des Recrui- 
tings, kann die Tätigkeitstheorie wie folgt adaptiert werden (Abb.1). Das Unterneh- 
men (linke Seite der Abb.1) und die potenziellen Bewerber:innen (rechte Seite der 
Abb.1) repräsentieren interagierende Tätigkeitssysteme. Die Triade Subjekt, Gegen- 
stand und Artefakt ist auf das Tätigkeitssystem des Unternehmens so zu übertragen, 
dass der/die im Recruiting tätige Mitarbeiter:in das Subjekt verkörpert, das eine va- 
kante Position (Gegenstand) zu besetzen hat und den Recruitingprozess mithilfe von 
ERP-Software (Artefakt) steuert. Dabei handelt der/die Mitarbeiter:in arbeitsteilig und 
ggf. in weiteren Geschäftsprozessen in Interaktion und Wechselwirkung mit anderen 
Mitarbeiter:innen des Unternehmens (Gemeinschaft Personal des Unternehmens), 
jeweils unter Berücksichtigung geltender Regeln und Gesetze. Im Tätigkeitssystem 
der Bewerber:innen repräsentieren die einzelnen Bewerber:innen das jeweilige Sub- 
jekt, das mithilfe entsprechender Kommunikationsmittel als vermittelnde Artefakte 
sowie ebenfalls innerhalb gesetzlicher Regelungen und sozialer Normen die Bewer- 
bung betreibt. Das durch den Recruitingprozess angestrebte Ergebnis der Einstellung 
von geeigneten Mitarbeiterinnen besteht in der konkreten vertraglichen Ausgestal- 
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tung eines Arbeitsverhältnisses. Dazu sind die Erwartungen beider Tätigkeitssysteme 
abzugleichen und die Bedingungen einer vertraglichen Basis auszuhandeln. 
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Abbildung 1: Modell interagierender Tätigkeitssysteme unter Berücksichtigung psychophysischer Dimensio- 
nen am Beispiel des Recruitings (Quelle: Hommel, 2019, S.139; in Anlehnung an Engeström, 2008, S. 63 und 
Becker et al., 1987, S.433) 


Der Recruitingprozess beginnt mit der Phase der Arbeits- und Anforderungsanalyse 
zur Ermittlung der Anforderungen aus der vakanten Position an den bzw. die künf- 
tige:n Mitarbeiter:in und der Erstellung eines Anforderungsprofils. Auf dieser Basis 
ist die Stellenausschreibung das Medium, das potenzielle Bewerber:innen von der 
vakanten Position unterrichtet. Die daraufhin im Unternehmen eingehenden Bewer- 
bungsunterlagen werden gesichtet und einer ersten Negativselektion unterzogen. Die 
verbleibenden Bewerber:innen werden hinsichtlich ihrer Eignung beurteilt, der bzw. 
die geeignete Kanditat:in ausgewählt und ihm bzw. ihr ein Vertragsangebot unterbrei- 
tet. 

Kern- als auch Unterstützungsprozesse in Unternehmen werden zunehmend 
digital mithilfe von Enterprise Resource Planning Software (ERP-Software) gesteuert. 
ERP-Software stellt damit das Artefakt dar, mit dem der aufgezeigte Recruitingprozess 
als Interaktion zwischen und innerhalb von Tätigkeitssystemen mit den entsprechen- 
den Teilhandlungen abgebildet werden kann. Für die handelnden Personen im 
Recruiting reicht es dabei nicht aus, einzelne Funktionen der Software zu kennen. 
Stattdessen wird von ihnen erwartet, den gesamten Geschäftsprozess vollständig und 
verantwortlich mithilfe der Software abbilden und steuern zu können. 
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4 Lernhandeln mit ERP-Software 


Das Lernen des Umgangs mit einer integrierten Unternehmenssoftware findet in der 
Praxis häufig ,halbherzig“ (Hilgenberg, 2014), z.B. mithilfe von Klickschulungen, 
statt (z. T. inkorrekterweise als „Klickfallstudie“ bezeichnet). Dabei werden die zu- 
künftigen Anwender:innen durch die Funktionselemente der Software geführt und 
mit der Bedienung der Software vertraut gemacht. Solche funktionsorientierten Lern- 
umgebungen für integrierte Unternehmenssoftware tragen kognitiv-behavioristische 
bzw. kognitiv-rationalistische Züge (Bendorf, 2019; Hommel, 2019). Die verantwort- 
liche Steuerung von Geschäftsprozessen erfordert ein tieferes und ganzheitliches Ver- 
ständnis für die Prozesse des Unternehmens, unter Berücksichtigung der ökonomi- 
schen, ökologischen und sozialen Dimension der Nachhaltigkeit und der interagie- 
renden Tätigkeitssysteme. Lernumgebungen, die den Blick auf einzelne (betriebliche 
und Software-)Funktionen reduzieren, ohne eine ganzheitliche Perspektive auf Ge- 
schäftsprozesse einzunehmen, sind daher reduktionistisch und greifen für die Ent- 
wicklung anwendungsbereiten Wissens als Basis für verantwortungsvolles nachhal- 
tiges Handelns zu kurz. Transferprobleme und träges Wissen sind folglich zu erwar- 
ten (Dubs, 2009; Gruber, Mandel & Renkl, 2001; Rebmann & Tenfelde, 2008). 

Alternativ bieten sich Simulationen von Geschäftsprozessen an, in denen das 
Lernhandeln in integrierter Unternehmenssoftware verankert werden kann (Hom- 
mel, 2019; Rebmann, Tenfelde & Schlömer, 2011). Durch die Verankerung in einer 
solchen problemhaltigen Situation können Lernende ihr Wissen zum Umgang mit 
integrierter Unternehmenssoftware realitätsnah konstruieren (Hommel, 2019; Rein- 
mann-Rothmeier & Mandl, 1997). Im Sinne vollständiger Handlungen planen sie da- 
bei ihr Handeln zur Lösung der Problemsituation, führen die erforderlichen Teil- 
handlungen in der Software jeweils aus und kontrollieren ihr Handeln (u.a. Beck, 
1996; Riedl & Schelten, 2006; Tramm & Rebmann, 1997). Die Merkmale Realitätsbezug, 
Situations-, Handlungs- und Problemorientierung sowie Ganzheitlichkeit erfüllen die 
Anforderungen handlungs- und problemorientierter Lernumgebungen (Helmke, 
2009; Reinmann & Mandl, 2006) und sind im sozio-konstruktivistischen Paradigma 
zu verorten (Bendorf, 2019; Hommel, 2019). Unter Rückbezug auf die interaktive 
Komponente der Gemeinschaft und die Arbeitsteiligkeit in Tätigkeitssystemen sind 
zusätzlich soziale Aspekte von Belang, die in Lehr-Lern-Situationen durch Lernaufga- 
ben, die Interaktion und Kooperation erfordern, berücksichtigt werden können. 

Ein verantwortliches Steuern von Geschäftsprozessen erfordert eine ganzheit- 
liche Perspektive auf Unternehmensprozesse (u.a. unter Berücksichtigung von Res- 
sourcen, ethischen Fragen, Aspekten der Integration und Partizipation), die durch ein 
entsprechendes Lernhandeln gefördert wird. In diesem Sinne finden Kremers Di- 
mensionen von Nachhaltigkeit beide in der beruflichen Bildung Berücksichtigung: 
nachhaltige Lernergebnisse (und damit die Voraussetzung für nachhaltige Entwick- 
lung) sowie der Transfer des Gelernten in die berufliche Handlungspraxis, welcher 
sich in nachhaltigem Handeln manifestiert. Nachhaltige Lernprozesse in integrierter 
Unternehmenssoftware gehen über das bloße Verstehen von Bedienoberflächen 
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hinaus. Anzunehmen ist, dass eine Verankerung der Lernprozesse an realen, problem- 
haltigen, arbeitsanalogen und komplexen Aufgabenstellungen, in denen Lernende die 
Steuerung von Geschäftsprozessen in einem Unternehmen simulieren können, 
nachhaltiges Lernen (Kategorie 1) und damit die informierte, verantwortliche und 
nachhaltige Steuerung von Geschäftsprozessen (Kategorie 2) unterstützen. Im Rah- 
men einer empirischen Untersuchung wird daher der folgenden Forschungsfrage nach- 
gegangen: Welche Zusammenhänge zeigen sich zwischen der Art der Lernumgebung 
und dem Lernerfolg? 

Anzunehmen ist, dass geschäftsprozessorientierte Lernumgebungen eine tiefere 
Auseinandersetzung mit den Lerninhalten ermöglichen als funktionsorientierte Lern- 
umgebungen. Ergänzend sind daher die folgenden Hypothesen zu prüfen: 


Hı: Lernende in funktionsorientierten Lernumgebungen nehmen ihre Lernprozesse 
häufiger als oberflächlich wahr als Lernende in geschäftsprozessorientierten Lern- 
umgebungen. 


H2: Lernende, die ihren Lernprozess als oberflächlich reflektieren, erreichen gerin- 
gere Lernergebnisse als Lernende, die ihre Lernprozesse nicht als oberflächlich wahr- 
genommen haben. 


5 Methode 


Für die empirische Studie wurde ein 2x2-faktorielles Design (de Vaus, 2001, S.66f.) 
mit den Faktoren Lernumgebung (funktionsorientiert, prozessorientiert) sowie der 
Sozial- und Interaktionsform (einzeln Lernende vs. Lernende mit einem/einer Lern- 
partner:in) genutzt. Die Lernenden wurden den Gruppen zufällig zugewiesen. Die 
Stichprobe umfasst 169 Studierende (113 weiblich, 56 männlich, Alter M = 22,75) in 
Bachelorstudiengängen an der TU Dresden, die entweder in einer Klickschulung! 
(kurz: funktionsorientiert) oder in einer problem- und geschäftsprozessorientierten 
Lehr-Lern-Umgebung (kurz: prozessorientiert) den Umgang mit der integrierten Un- 
ternehmenssoftware SAP ERP HCM erlernten. Die Lernzeit umfasste in allen Bedin- 
gungen jeweils 270 Minuten. 

Der Lernprozess wurde durch Pre- und Posttests zur Steuerung von Geschäfts- 
prozessen mit SAP ERP HCM flankiert. Pre- und Posttest wurden als Paralleltests 
(n = 160 Items, Paralleltestreliabilität Pearson r=.925, p = .000) konzipiert und enthiel- 
ten jeweils acht Items, von denen vier auf die kognitive Anforderungsdimension Erin- 
nern (ein Item zur Wissensdimension Fakten, drei Items zu Prozeduren) und vier auf 
das Anwenden fachspezifischer Fähigkeiten ausgerichtet waren (Anderson & Krath- 
wohl, 2001, S.28). Durch die Bearbeitung der acht Items waren insgesamt maximal 


1 Für die Lehrveranstaltung wurden die für die Personalauswahl und Stellenbesetzung relevanten Softwarefunktionen nebst 
allgemeinen Navigations- und Hilfefunktionen ausgewählt, jedoch nicht explizit in den komplexen Prozessablauf des 
Personalauswahlprozesses eingebettet. Die Auswahl orientierte sich am Kriterium der betrieblichen Praxisrelevanz der 
einbezogenen Funktionen, um einen „Schmalspurkurs“ (Mocker, Mocker & Herr, 1996, S.30) handelte es sich explizit 
nicht. 
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28 Punkte (sechs Punkte für Items, die das Erinnern erfordern, und 22 für das An- 
wenden) zu erzielen. Eine vollständige Darstellung der Tests und der enthaltenen 
Items findet sich bei Hommel (2019). Um die Tests inhaltsanalytisch (Mayring, 2015) 
auszuwerten, wurde ein Codierleitfaden mit Codierregeln, Ankerbeispielen und Be- 
wertungspunkten erstellt und die Intercoderreliabilität anhand 160 Items (20 Post- 
tests) geprüft (Pearson r = .979, p = .000). Da die Daten der meisten Subgruppen nicht 
normalverteilt waren, kamen nonparametrische Verfahren zur Anwendung. 

Der Posttest, der eine Woche nach den Lehr-Lern-Einheiten bearbeitet wurde, 
enthielt zwei zusätzliche Items, in denen die Studierenden ihren Lernprozess reflek- 
tieren und ihren Lernfortschritt einschätzen sollten. Die Antworten auf diese Items 
geben Hinweise auf die Verarbeitungstiefe der Lerninhalte (Craik, 2002) und die 
Nachhaltigkeit der Lernergebnisse. Die Einschätzung des Lernfortschritts erfolgte mit 
Likert-skalierten Antwortoptionen (1- „ich habe nichts dazugelernt“, bis 5 - „ich habe 
viel dazugelernt“). Die Aufforderung zur Reflexion erfolgte mit einem offenen Item. 
Ergänzt werden diese Daten durch 16 (vier in der funktionsorientiert-einzelnen [FoE], 
fünf in der funktionsorientiert-dyadischen [FoD], drei in der prozessorientiert-einzel- 
nen [PrE] und vier in der prozessorientiert-dyadischen [PrD] Bedingung) leitfadenge- 
stützte, retrospektive Interviews zur Reflexion des Lernprozesses mit zufällig ausge- 
wählten Studierenden. Die Antworten auf das Reflexionsitem des Posttests wie auch 
die Interviewdaten wurden strukturiert (Mayring, 2015) und den Dimensionen Selbst- 
reflexion (self reflection), inhaltsbezogene Reflexion (content reflection) und kontext- 
bezogene Reflexion? (context reflection) zugeordnet. Tabelle 1 gibt einen Überblick 
über das Kategoriensystem. 


Tabelle 1: Überblick über das Kategoriensystem zur Reflexion (Quelle: Hommel, 2019, S. 178) 


Dimension Kategorie 
Selbstreflexion Emotion 
(selfreflection) Motivation 
Inhaltsbezogene Reflexion Handlungsfähigkeit 
(content reflection) Vorerfahrungen 

Prozess 
Kontextbezogene Reflexion Organisationskriterien 
(context reflection) Lernunterstützung 

Probleme 

Bewertung 


2 Eine ausführliche Erörterung der Unterscheidung Selbstreflexion, inhalts- und kontextbezogener Reflexion findet sich bei 
Hommel (2019). 
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6 Ergebnisse 


Anhaltspunkte für die Tiefe der Auseinandersetzung mit den Lerninhalten liefern die 
Wahrnehmungen der Lernenden zu ihren Lernprozessen. In den retrospektiven Inter- 
views sind insbesondere die Aussagen hilfreich, die der Kategorie „Prozess“ der in- 
haltsbezogenen Reflexion und ihren Unterkategorien „Wahrnehmung“ und „Hinder- 
nisse“ zugeordnet wurden, auf die sich dieser Beitrag beschränkt (Tab. 2). Eine 
vollständige tabellarische Darstellung aller codierten Aussagen findet sich bei Hom- 
mel (2019). Insgesamt wurden 98 Aussagen zur Wahrnehmung und 65 Aussagen zu 
Hindernissen im Lernprozess codiert. Drei der Interviewpartner:innen der funktions- 
orientiert-einzelnen Bedingung und zwei aus der funktionsorientiert-dyadischen Be- 
dingung schildern ihren Lernprozess als Durchklicken und Abarbeiten (Beispiel Stu- 
dierende/r NL26]: „Und durch die Klick-Anleitung ... naja Lernprozess ... dadurch, das 
wirklich viel gegeben war, was wir machen sollen, nicht so viel, an sich, also. Wirklich 
viel gelernt jetzt nicht.“, IR25S: „... man verinnerlicht eigentlich gar nicht, was man 
grad gemacht hat.“, „es war ja alles vorgegeben“ AC28J). Lernende in der Funktions- 
orientierung finden die Klickanleitung sogar als hinderlich für eine tiefere Auseinan- 
dersetzung: „ich glaube, es ist schwierig, sich für die Zukunft das alles noch zu mer- 
ken und zu behalten, weil man diese Punkte ja nur abarbeitet, man beschäftigt sich 
nicht wirklich mit den Punkten intensiv, man schaut sich nicht so genau an, was man 
da eigentlich sieht, sondern mehr da muss man jetzt draufklicken ...“ (Int2, FoD), „ich 
wusste dann durch die Klick-Anleitung am Ende gar nicht mehr so richtig, was ich 
jetzt eigentlich mache. Also man verliert so den großen Überblick.“ (AC21M, FoD). 

In der prozessorientierten Bedingung finden sich eher Aussagen, die auf eine 
tiefere Verarbeitung hindeuten, wie „es war nicht ein Einfach-Drauflosklicken, man 
musste überlegen und selber überlegen, welchen Pfad nehmen wir denn jetzt“ 
(AT24A), „Also ich bin der Meinung, dass ich jetzt ganz gut damit zurecht kam; ich 
hab auch ab und zu mal versucht, ohne das Manual die Aufgaben zu lösen, aber ab 
und zu musste man doch noch mal draufgucken. Ich denke das ist normal, aber da- 
durch, dass ich gar keine Vorkenntnisse hatte, bin ich doch der Meinung, dass das 
ganz gut funktioniert hat“ (Int6, PrD). Als explizit gut haben drei Probanden bzw. 
Probandinnen der prozessorientierten (2 PE und 1 PD), aber nur ein Studierender in 
der funktionsorientierten Bedingung (FD) ihren Lernprozess empfunden. 

Die Reflexionsaussagen im Rahmen des offenen Items im Posttest zeichnen in Bezug 
aufdie Wahrnehmung des Lernprozesses und die Hindernisse ein vergleichbares Bild 
(Abb. 2). In der Bedingung FoD beschreiben neun Studierende in der Kategorie Wahr- 
nehmung ihr Vorgehen als bloßes Abarbeiten. Ein wirklicher Lernprozess sei nicht in 
Gang gekommen. In der Bedingung FoE weisen sechs Studierende darauf hin, dass 
mit dem Abarbeiten der Klickanleitungen nur ein oberflächliches Auseinandersetzen 
mit den Aufgaben und der Software verbunden war. In der Bedingung PrD streuen 
die Aussagen dagegen breiter und reichen von der Einschätzung, dass es „einfach war, 
die Lernaufgaben zu bearbeiten“, die ‚Wahrnehmung im eigenen Tempo arbeiten zu 
können“, dass das „Verständnis [...] schwer gefallen“ ist, bis zu der Aussage, dass „der 
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Lernprozess gut war“. In der Bedingung PrE zeigen die Äußerungen ebenfalls eine 
große Bandbreite und reichen von „ich musste viele Fragen stellen“ über die Einschät- 
zung, dass der „Lernprozess langsam, aber stetig“ war, bis zu der Wahrnehmung, dass 
das „Verständnis gefördert“ wurde. 

Hinsichtlich der Kategorie „Hindernisse“ machen vier Studierende der Bedin- 
gung FoD deutlich, dass die „Klickanleitung für den Aufbau von Handlungsfähigkeit 
nicht hilfreich“ ist. Zwei weitere Aussagen von Studierenden der Bedingung FoE beto- 
nen, dass die „Klickanleitung ein Selbstdenken verhindert“. Sechs Aussagen beziehen 
sich darauf, dass „mehr Zeit benötigt“ worden wäre. In der Lernbedingung FoE äu- 
ßern drei Studierende, dass das „Abarbeiten einer Klickanleitung nicht hilfreich“ ist, 
um handlungsfähig zu werden. Zwei Aussagen stehen in Verbindung mit dem 
Wunsch nach „mehr Zeit zur Bearbeitung und zum Aufbau von Handlungsfähig- 
keit“. In der Lernbedingung PrD sind sechs Äußerungen codiert, dass „mehr Zeit 
benötigt“ worden wäre, und zwei Aussagen berichten über systemseitige Fehlermel- 
dungen, die Probleme verursacht haben. Zwei Studierende berichten über Anlauf- 
schwierigkeiten, für die sie noch mehr tutorielle Unterstützung benötigt hätten. Die 
Komplexität der Lernumgebung, bedingt durch die komplexen prozessorientierten 
Lernaufgaben einerseits und die Komplexität der Software selbst andererseits, wird 
insbesondere von den Lernenden in PrE als Hindernis wahrgenommen. Drei Studie- 
rende berichten über „anfängliche Überforderung“ und drei weitere über Fehler, die 
sie während der Aufgabenbearbeitung in der Software gemacht haben, die Hinder- 
nisse für ihren Lernprozess darstellten. Fehler und Probleme reflektieren allerdings 
verstärkt die Lernenden in den prozessorientierten Bedingungen und weniger die Ler- 
nenden in den funktionsorientierten Bedingungen. 


Tabelle 2: Häufigkeitsverteilung der codierten Reflexionsaussagen aus den retrospektiven Interviews 


Kategorie H hin% Lernbedingung 

FoE FoD PrE PrD 

n=4 n=5 n=3 n=4 
Inhaltsbezogene Reflexion 
Prozess 163 32.21 37 48 40 38 
Wahrnehmung 98 19.37 22 26 28 22 
Hindernisse 65 12.85 15 22 12 16 


Legende: FoE = funktionsorientiert-einzeln, FoD = funktionsorientiert-dyadisch, PrE = prozessorientiert- 


einzeln, PrD = prozessorientiert-dyadisch 
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8 Wahrnehmung des Lernprozesses Hindernisse 
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Abbildung 2: Häufigkeit der Codierungen zur Wahrnehmung und zu Hindernissen im Lernprozess 


Mit Blick auf die Testergebnisse zeigt sich ein geringes Vorwissensniveau. Das arithme- 
tische Mittel des Pretests liegt bei 0.41 (SD = 0.76) und unterscheidet sich nicht signifi- 
kant zwischen den vier Lernbedingungen (Kruskal-Wallis-Test, Ho: die Verteilung der 
Rangplätze in den Gruppen ist gleichmäßig; H = 5.941, df=3, p=.115, p >a). Das 
arithmetische Mittel der Posttests erreicht 11.70 (SD = 5.19). Im Vergleich der Pre- und 
Posttestwerte insgesamt zeigen sich deutliche Unterschiede (Wilcoxon-Test, An- 
nahme der Hı bei Z=-11.213, p=.000, psa, dCohen = 3.044, großer Effekt, Teststärke 
1-ß=1.00). Für die weitere Analyse wird der Lernerfolg als Veränderung zwischen 
Pre- und Posttest genutzt (Tab. 3). 

Den größten Lernerfolg erreichen die Studierenden in der Lernbedingung PrD, 
gefolgt von den PrE-Lernenden, bei denen sich die vergleichsweise höchste Standard- 
abweichung zeigt (Tab. 3). Den geringsten mittleren Lernerfolg erreichen die Lernen- 
den in der FoD-Bedingung (Tab. 3). Hinsichtlich des Erinnerns zeigen ebenfalls Stu- 
dierende in der PrD-Bedingung den größten mittleren Lernerfolg, gefolgt von PrE 
und FoD. Den geringsten mittleren Lernerfolg in der Dimension Erinnern zeigen 
Studierende in der FoE-Bedingung. Die deskriptiven Daten zur Dimension Anwen- 
den zeigen den höchsten mittleren Lernerfolg in der PrD-Bedingung, gefolgt von FoE 
und PrD. Der geringste mittlere Lernerfolg in der Dimension Anwenden findet sich 
für Studierende in der FoD-Bedingung. 
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Tabelle 3: Deskriptive Daten zum Lernerfolg in den vier Bedingungen 


N=169 FoE FoD PrE PrD 
Lernerfolg 

n 48 58 29 34 
M 8.72 7.84 9.21 10.79 
Min 2.00 0 1.00 1.00 
Max 14.00 15.00 21.00 21.00 
SD 3.41 3.75 5.43 4.21 


M 1.41 1.67 2.34 3.26 
Min 0 -1.00 -2.00 1.00 
Max 4.00 4.00 6.00 6.00 
SD 1.09 1.30 1.90 1.56 


M 7.31 6.17 6.86 7.53 
Min 2.00 0 1.00 0 
Max 14.00 12.00 17.00 15.00 
SD 3.38 3.20 4.64 3.91 


Legende: FoE = funktionsorientiert-einzeln, FoD = funktionsorientiert-dyadisch, PrE = prozessorientiert- 
einzeln, PrD = prozessorientiert-dyadisch 


Die vier Gruppen unterscheiden sich signifikant hinsichtlich des erreichten Lern- 
erfolgs insgesamt sowie hinsichtlich des Lernerfolgs in der Dimension Erinnern, aber 
nicht im Anwenden (Kruskal-Wallis-Test, Lernerfolg insgesamt: H=9.439, df=3, 
p=.024, p<a, dcohen = 0.403, kleiner Effekt; Lernerfolg Erinnern: H = 29.906, df= 3, 
p=.000, p<a, dcohen = 0.883, großer Effekt; Lernerfolg Anwenden: H = 3.021, df= 3, 
p=.388, p>a, dcohen=0.023). Post-Hoc-Tests (Bonferroni-korrigiert) zeigen signifi- 
kante Unterschiede im Lernerfolg zwischen den Lernbedingungen FoD und PrD 
(p = .013, dcohen = 0.752, mittlerer Effekt, Teststärke 1-2 = .958) sowie für die Dimen- 
sion Erinnern zwischen den Lernbedingungen FoE und PrD (p= .000, dcohen = 1.135, 
großer Effekt, Teststärke 1-2 =.999) und zwischen FoD und PrD (p=.000, dcohen 
= 1.418, großer Effekt, Teststärke 1- = .999). 


Hı: Lernende in funktionsorientierten Lernumgebungen reflektieren ihre Lernpro- 
zesse häufiger als oberflächlich als Lernende in geschäftsprozessorientierten Lern- 
umgebungen. 


Um die Teilnehmenden mit oberflächlichen Lernprozessen zu identifizieren, wurden 
alle Aussagen selektiert, die mit „kein Lerneffekt durch Klickanleitung“, „nicht viel 
gelernt“, „Durchklicken und Abarbeiten“, „nicht sehr effektiv“, „kein Lernprozess“ 
sowie „kaum Lernprozess in Gang gekommen“ codiert wurden. Diese Codierungen 
entfallen mit der absoluten Häufigkeit 26 auf Lernende in FunkO (15 FoE, 11 FoD) und 
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mit 5 auf Lernende in ProzO 5 (3 PrE, 2 PrD). Deskriptiv finden sich damit deutlich 
mehr Probanden in FunkO, die ihre Lernprozesse als oberflächlich einschätzen. Die- 
sen Zusammenhang unterstreicht der Chi-Quadrat Test nach Pearson (x?= 6.299, 
df=1, p=.012). Die Hypothese Hı findet damit Bestätigung in den Daten und ist nicht 
zu verwerfen. 


H2: Lernende, die ihren Lernprozess als oberflächlich reflektieren, erreichen gerin- 
gere Lernergebnisse als Lernende, die ihre Lernprozesse nicht als oberflächlich wahr- 
genommen haben. 


Von Studierenden, die ihren Lernprozess selbst als eher oberflächlich wahrnehmen, 
ist anzunehmen, dass ihr Lernerfolg geringer ist als bei Studierenden, die keine sol- 
che Wahrnehmung reflektieren. Daher wurden die Studierenden selektiert, die in 
ihrer Reflexion oben genannte Äußerungen getätigt haben, die auf eine oberflächliche 
Auseinandersetzung mit den Lerninhalten schließen lassen (Tab. 4). 


Tabelle 4: Deskriptive Daten zum Lernerfolg in Verbindung mit der Reflexion des Lernprozesses als oberfläch- 
lich 


N = 169 nicht oberflächlich oberflächlich 
Lernerfolg n 143 26 
M 9.13 7.75 
SD 4.16 4.26 
Lernerfolg Erinnern n 143 26 
M 2.15 1.37 
SD 1.58 1.34 
Lernerfolg Anwenden n 143 26 
M 6.98 6.38 
SD 3.65 3.91 


Die deskriptiven Daten zeigen für Studierende, die ihren Lernprozess als oberfläch- 
lich reflektieren, niedrigere arithmetische Mittel für den Lernerfolg (Tab.4) als für 
Studierende, deren Reflexionen keine Aussagen zu oberflächlichen Lernprozessen 
enthielten. Inferenzstatistisch zeigen sich hier deutliche Unterschiede für den Lern- 
erfolg in der Dimension Erinnern (Mann-Whitney-U-Test, Z=-2.603; p= .009, 
N = 169, dcohen = 0.504, mittlerer Effekt, Teststärke 1- = .744). Für den Lernerfolg ins- 
gesamt (Z=-1.355, p=.176, dcohen= 0.331, kleiner Effekt, Teststärke 1-ß=.447) und 
die Dimension Anwenden zeigen sich keine signifikanten Unterschiede (Z = -0.840; 
p= 401, dcohen = 0.163, kein Effekt, Teststärke 1- = .184). Die Hypothese H2 wird hin- 
sichtlich der Dimension Erinnern gestützt, ist jedoch in Bezug auf den Lernerfolg 
insgesamt und die Dimension Anwenden zu verwerfen. Einschränkend ist hier je- 
doch die geringe Teststärke zu berücksichtigen. 
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7 Diskussion 


Sowohl die retrospektiven Interviews als auch die Reflexionen im Posttest liefern 
deutliche Belege daftir, dass insbesondere die Lernenden in der funktionsorientierten 
Bedingung ihre Lernprozesse als ein Durchklicken und Abarbeiten ohne tiefere Aus- 
einandersetzung mit den Inhalten und den entsprechenden Geschäftsprozessen 
wahrnehmen. Rekurrierend auf die Vorstellungen zu den Levels of Processing (Craik, 
2002) ist die Verarbeitung der Lerninhalte damit oberflächlich und nicht geeignet, 
elaborierte und dauerhafte Lernergebnisse zu erzielen. Das kleinschrittige Vorgehen, 
orientiert an Softwarefunktionen anstatt an arbeitsanalogen Aufgaben in Geschäfts- 
prozessen, unterstützt damit nachhaltiges Lernen nicht im erwünschten Ausmaß 
(weder hinsichtlich Kategoriel noch hinsichtlich Kategorie 2). Zwar schildern auch 
die Lernenden in den prozessorientierten Bedingungen Hindernisse und Probleme 
in ihren Lernprozessen, allerdings beziehen sich diese eher auf den Umgang mit der 
Komplexität und auf im Prozess aufgetauchte Fehler, die zu bewältigende Hürden 
darstellten. Die problemorientierte Gestaltung der Lernumgebung, am Recruitingpro- 
zess ausgerichtet, scheint die Lernenden stärker herauszufordern, Inhalte tiefer zu 
elaborieren sowie angeleitet selbstständig und selbstregulierend vorzugehen (Reus- 
ser, 2005). 

Insgesamt zeigt sich für die Lernenden in den beiden prozessorientierten Bedin- 
gungen ein höherer Lernerfolg als für Lernende in den beiden funktionsorientierten 
Bedingungen. Lernende in den prozessorientierten Bedingungen, die sich mit kom- 
plexen, arbeitsanalogen Problemstellungen auseinandersetzten, erreichen eine bes- 
sere Behaltensquote. Diese Ergebnisse sind konform zu Dochy etal. (2003). Im Ver- 
gleich der Reflexionsaussagen zwischen den Bedingungen funktions- und prozess- 
orientiert zeigen sich belastbare Hinweise darauf, dass in den funktionsorientierten 
Bedingungen vor allem eine oberflächliche Auseinandersetzung mit den Lerninhal- 
ten stattfindet. Die Lernenden, die ihre Lernprozesse als oberflächlich reflektiert ha- 
ben, zeigen auch deutlich geringere Lernerfolge in der kognitiven Anforderungs- 
dimension Erinnern. 

Als Limitationen dieser Studie sind die kurze Lernzeit, die Erhebung der Refle- 
xion über Selbstberichte und die Stichprobengröße anzuführen. Die Lernzeit von je- 
weils 270 Minuten in den einzelnen Bedingungen ist insgesamt als vergleichsweise 
kurz für das Lernen einer komplexen integrierten Unternehmenssoftware anzuse- 
hen. Allerdings waren die Lerninhalte beider Konzeptionen auf einen (Unterstüt- 
zungs-)Prozess — das Recruiting — begrenzt. Die Tests waren auf die Lerninhalte der 
Veranstaltungen abgestimmt. Um ERP-Software in verschiedenen Prozessen im Kon- 
text des Personalmanagements sicher anwenden zu können, wird dagegen mehr 
Lernzeit benötigt. Hinsichtlich der Selbstberichte zur Reflexion der Lernprozesse sind 
Einflüsse, wie z.B. der sozialen Erwünschtheit und der Reflexionsfähigkeit etc., nicht 
grundsätzlich auszuschließen. Reflexion als metakognitive Fähigkeit (Häcker, Hilzen- 
sauer & Reinmann, 2008; Kaune, 2006) erfordert Introspektion und ist der direkten 
Beobachtung durch Dritte kaum zugänglich. Lernende, bei denen diese Fähigkeit des 
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Zugangs zum eigenen Erleben und zur Analyse des eigenen Lernprozesses weniger 
ausgeprägt ist, schildern ggf. Schwierigkeiten, ihre Erfahrungen im Lernprozess zu 
beschreiben bzw. zu bewerten, und beantworten die Aufforderung zur Reflexion 
mglw. nicht, weniger umfangreich oder wenig aufschlussreich (Leijen etal., 2009). 
Hinweise auf verzerrende Einflüsse durch den Aspekt der sozialen Erwünschtheit fin- 
den sich in den Daten nicht. Die Stichprobengröße und insbesondere der geringe 
Umfang von Subgruppen ermöglichen nicht in jedem Fall eine hinreichende Test- 
stärke. Dennoch liefern die Daten eine erste belastbare Erkenntnisbasis für weitere 
Forschungsvorhaben. 


8 Fazit und Ausblick 


Die Differenzierung von Nachhaltigkeit in der beruflichen Bildung in überdauernde 
Lernergebnisse einerseits (Kategorie 1) sowie die Befähigung zu verantwortungsvol- 
lem und nachhaltigem Handeln andererseits (Kategorie 2) wird in diesem Beitrag auf 
das Lernhandeln in integrierter Unternehmenssoftware bezogen. Dabei bilden die 
interagierenden Komponenten von Tätigkeitssystemen den theoretischen Rahmen 
für das Handeln in Geschäftsprozessen mithilfe integrierter Unternehmenssoftware. 
Lediglich Softwareoberflächen bedienen zu können, verliert als berufliche Anforde- 
rung weiter an Bedeutung. Stattdessen müssen komplexe, berufliche Handlungsan- 
forderungen bewältigt werden. Die dazu erforderliche umfassende Handlungs- und 
Innovationsfähigkeit sollte insbesondere in problembasierten, komplexen Lehr-Lern- 
Umgebungen gefördert werden. Ein stark strukturiertes und kleinschrittiges Vorge- 
hen scheint weniger geeignet. 

Die empirische Untersuchung liefert Belege dafür, dass kleinschrittige und funk- 
tionsorientierte Softwareschulungen keinen geeigneten Rahmen für intensive Lern- 
prozesse darstellen. Die Reflexionen der Lernenden über ihre Lernprozesse und die 
erreichten Lernergebnisse deuten darauf hin, dass Lernumgebungen, die lediglich 
mit den Softwarefunktionen vertraut machen - auch wenn dafür berufliche Teilaufga- 
ben genutzt werden - eine tiefe Auseinandersetzung mit den Inhalten nicht fördern. 
Bilden dagegen Geschäftsprozesse den Ausgangspunkt für problemhaltige Lernsitua- 
tionen, kann die Komplexität realer Anforderungen arbeitsanalog abgebildet werden. 
Lernumgebungen, die sich an Geschäftsprozessen orientieren, schaffen die Voraus- 
setzungen für eine intensive Auseinandersetzung mit den Lerninhalten unter Berück- 
sichtigung der Wechselwirkungen der interagierenden Komponenten des Tätigkeits- 
systems und der Konsequenzen des eigenen professionellen Handelns. Aspekte der 
Nachhaltigkeit können so einerseits in Bezug auf überdauernde Lernergebnisse (Ka- 
tegorie 1), die wiederum Ausgangspunkt für den weiteren Ausbau beruflicher Hand- 
lungsfähigkeit sind (Kategorie 3), sowie andererseits in Bezug auf verantwortliches 
berufsbezogenes Handeln (Kategorie 2) besser gefördert werden. 
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